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b

Data Entry/Electronic Deliverable

!wr?iﬁ /57’) _.

Case Narrative

,ZW//% AEL
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Samples Apalyzed within Holding Time
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.
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SECTION1

CHAIN OF CUSTODY




Chain of Custody Record N 160 201 S i
= 4 Oak Fidge, TN 37830 _E_B______MERS%
{BS5) 481-0683 Fhane - (865) 483-4621 Fax 7
Project Name:  Westlake Landfill Project Number:
Send Report To:  EMST / Auxier & Assoc. | Sampler {Print Name) gﬂy: /r 2 5’ B2 pY 3 ) Page L ot 1 _
Podres: T S 5| Sampler (Pt Nere: ’ H PO LSk
%m Shipment Method:” FedEx . f—‘ ' M e ,563 ¥ 2511 N
Knodle TN 7552 woiber 070 94t4( 1021 2 | £ Purchase KA anie
Phone: EMSE(303) 940-3426 / A & A (865) 675-3669 | Laboratory Receiving: g“:kﬁg?;;’f"rﬁﬁm ¥ _:Q%U g Crder 4;
Fay: EMSI(303)940-3422 / A & A (B65) 575-3677 (865) 481-0683 é; ;;,?
Fiid Sapl 1 S oame | ane | Sonmnen)/ O/ Rl
4 ENGWESAGOL 6/ 1/t 121 | srilier 1 x| x g F S
b ENGWESAD02 &/2 | 0940 | it 1 x| x D ,
o ENGWESAQ02 4245 joyo | ariue v lxlx 25 s
Y, ENGWESAG04 4 /Z‘//’f Jiyp | st 1 X{X g %"f“ - §
& ENGWESALI5 / 2318 1030 air filter 1 XX F% % ;?/" o lp”""
a9 ENGWESAD0S éﬁ%‘f 1300 air filter 1 xix § ; i 4 fjﬁ . o
io ENGWESA0D7 {2305 093 | arfie 1 XixX ,g ‘E R N .)
I ENGWESA08 42306 | 11287 | ais e 1 %X 2 % (A i j’:g’
£ =]
12 ENGWESAQ09 47237761326 | crher 1 XX S &
4 =
13 ENGWESADLO 4153/ reg 2 0| sinfiter 1 xlx M E
e ENGWESADLT /. J} /18| 0§59 | siwtiler 1 x| x 3 =
7 = Q)
14 ENGWESAOL2 e3/18 |0 50 | e 1 XX e
G ENGWESA013 473/78 /530 | et 1 XX
< \M Field Blank g /3 ;//f 0G 30| wrfiter 1 XX 5 ﬁj@‘}’ MM\{ZC 4
N EvgwESA o Fré Bl 28156 e oA w.:}_
TS 2o roflzelis| g o SUlP
' J
. Received by: (Signature} Dawe: - | ime: g | Sample Custodian Remarks (Completed By Laboratory):
i 6};5 QEX 897d 241t j0 2 1 ‘%Z‘f/’j"/ﬁﬂ 7] QAQC Level Turnaround ' Sam?ie Receipt
fAelinquished by: {Signature) Received by: (Signature) Date” Tirre: Level IV [X Total # Containers Received?
Ted Ex A Codlston of3d\5{ 00 |veve 1 o | seres & Feoterrie
Relinquished by: (Signatura) Received by: (Signaturs) Date: Time: tevel Il O | + Week O Focaived Containers Intact?
Othar 0 | Oher Temperature?




Inte rnal Work Order # 0810
EBERLINE Chain Of Lab Deadline 9/15/2015

SERVICES
Analysis UUISO - Level 4
CUStOdY Sample Matrix | Air Filter

Oak Ridge Laboratory

Sample ; HP 210 / 270 s Storage
Comments Fraction Detector Activity Location
04 ‘ 47 §1.3
s 50 51.3
06 ; 40 51.3
07 ’ 55 81.3
Run Gamma 1st ASAP!!! _ 08 a 51.3
7 09 o 43 N 51.3
o 51 . 51.3
11 ) ‘ 44 : 81.3
L A2 . A 51.3
13 f 45 $1.3
14 48 3 51.3
15 i s S1.3
. 16 41 51.3
Samples are re-log of 15-06117, fractions 04 - 16 only - e
i
: Location (circle one) Initiais : Date |
Received by Rough Prep Prep Separations Count Room \
Relinquished by Sample Storage Rough Prep Count Room
Receivad by Sample Storage Rough Prep ﬁ Count Reom
Relinguished by Sample Storage Rough Prep Prep @eparations Count Roem |

* i .
Received by Sample Storage Rough Prep Prep Separagwﬂngyﬁggm I L»; %

Relinquished by SampIiStcrage Rough Prep Prep Separations i Room { , . e cﬁ/? /l/{r 1%30 {
Received by Sa@ﬁf} Rough Prep Prep Separations Count Reom
Retinquished by | o ronem  oen swmnre comrn
Received by Sample Storage Rough Prep Prap Separations Count Room J
Relinquished by Sample Storage Rough Prep Prep Separations count Room i
Received by Sample Storage Reough Prep Prep Separations Count Room e
Relinquis.f.md by Sample Storage Rough Prep Prep Separations Court Room :
Received by Sample Storage Rough Prep Prep Separations Count Room ‘
Relinquished. by Sample Storage Rough Prep Prep Separati;ns Count Room E

Printed:




SERVIGCES

Oak Ridge Laboratory

Internal
Chain of
Custody

Work Order #

Lab Deadline

15-08105
9/15/2015

Analysis

ThISO - Level 4

Sample Matrix

Air Filter

H

Samples are re-log of 15-06117, fractions 04 - 16 only

Sample i HP 210/ 270 Storage
Comments Fract'?on | Detector !\ctivity Locatiin
04 47 51.3
05 5 50 S1.3
w6 @ S1.3
07 55 513
Run Gamma 1st ASAP!! 08 40 f 1.3
B 09 43 T s13
10 51 513
i 4 $1.3
o S B
““““““ : e ? o
_ Ca e
s se

41

Location (circle one)

Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep e Prep ? Separations Count Rcom
Recelved by Sample Storage Rough Prep Prep éfparations' 3 Count Rocom
Relinquished by Sample Storage Rough Prep Prep ¢ Se;arations Count Room
Received by Sample Storage Rough Prep Prep Separatio?/g(ﬁﬁ’ﬁoom
Relinquished by Sample Storage Rough Prep Prep Separations
Received by SW Rough Prap Prep Separations Count Room
Relinquished by Sample Sterage Rough Prep Prep Separations Count Room
Received by Sample Storage Rough Prap Prep Separations Count Room 3
Relinquished by Sample Storage Rough Prep Prep Separations Count Room 5
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sampie Slorage Rough Prep Prep Separations Caunt Room
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep Prep Separations Gount Room

Printeq: &
e B




Inte rnal Work Order # 15-08105
@ EBERLINE - Lab Deadtine 9/15/2015
SERVICES Cha|n Of G L 14
Analysis amma - Leve
Oak Ridge Laboratory
Cu StOdy Sample Matrix : Air Filter
Sample | HP 210 /270 | St
Comments Fr:Tt?on Detector Activity | Lozgiii?\
04 47 : 513
05 { S0 b3
06 i 40 ; $1.3
Report Ac228, Bi214, K40, Pa231, Ph210/214 & true positives. o7 ! 55 T
o8 . a0 s3]
Run Gamma 1st ASAP!!! I L R DR~ SN RN T S
- 10 R T LSS
.......... 1 f 513 ‘
12 : D 513
13 § stz
14 % oS3
15 s13
Samples are re-log of 15-06117, fractions 04 - 16 only 1° o3
L.ocation (circle one} Initials : Date

e
Received by ¢ Rough Pré‘p Prep Separations Count Room ,550

5.8« -5

Relinquished by Sample Storage Rough Prep

Prep Separations cDumng)’§ i{, 5647 %:'M {%
S« DRt

Received by Sampie Storage Reugh Prep Prep Separations

Relinquished by Sample Storage Reugh Prep Prep Separations’/@ w é& E . <3
- 9 ‘iea(g o3 !

Received by Rough Prep Prep . Separations Count Room
Relinquished by Sample Storage Rough Pre; ................... Prep Separations ComtRoom _
Received by Sample Storage Rough Prep Prep Separations Count Room
Relinquished by Sample Storage Rough Prep —_— Separations Count Room ;
;
Received by Sample Storage Rough Prep Prep Separations Count Room E
Relinquished by Sample Storage Rough Prep Prep Separations Gount Room
Received by Sarnple Storage Rough Prep Prep Separations Count Recom
Relinguished by Sample Storage Rough Prep Prep Separations Count Reom
Recelved by Sample Stcrage Rough Prep Prep Separations Count Room

Relinguished by Sample Storage Raough Prep Prep Separations Count Room




SECTION II

SAMPLE ACKNOWLEDGEMENT




I ~ClientName ContracttPO ___ ProjectType | DateReceived Required Turnaround Days
Auxier & Associates, Inc. WESTLAKE  Environmentat 08/25/2015 28 15-08105
[ ___Project Name Client WO Sample Disp . LabDeadine [~ laternal Deadline
WESTLAKE WESTLAKELANDFLLATR 09/15/2015 09/21/2015 09/22/2015
——e g: oo r———— T ——— -
internal ik Client D Sample Date | Matrix Storage E= % ] g . it
elF |53
01 LCS 08/26/15 AF 513 X X X 3
02 BLANK 08/26/15 AF S1.3 X| x| x 3
03 DUP 08/26{15 AF 51.3 X | x| x 3
04 ENGWESAGO1 06/24/1512:15 | AF S1.3 X X| X 3
05 ENGWESAQGQOZ2 06/24/15 0940 AF 51.3 X X X 3
06 ENGWESAQO3 06/24/15 10:40 | AF S1.3 xX{ x| x 3
07 ENGWESAQQ4 06/24/1511:40 | AF 51.3 X| X| X 3
08 ENGWESADQS 06/23/1510:30 | AF 51.3 X| X]| X 2
09 ENGWESADOQG 06/24/1513:00 | AF 51.3 X | X[ x 3
10 ENGWESAOO7 06/23/1509:38 | AF 51,3 X| x| X 3
11 ENGWESAQDO8 06/23/1511:25 | AF 51.3 X | X| X 3
12 ENGWESAQQS 06/23/1513:26 | AF 51.3 X | X| X 3
13 ENGWESAQ1C 06/23/15 14:10 AF 51.3 X X1 X 3
i4 ENGWESAQO11 06/23/1508:59 [ AF S1.3 X| x| x 3
15 ENGWESAD12 06/23/1514:50 | AF S1.3 X[ x| X 3
i6 ENGWESAD13 06/23/1515:30 | AF S1.3 x| x| x 2
]
13
0
0
Totals Per Analysis (non QA samples) 13 13 13 0 o . [i] [i] 0 a ; o 0 o 0.0 o i+l ] a
Invoice Accounts Payabie Report Data Marsha Joseph
Auxier & Associates, Inc. Auxier & Associates, Inc.
. Oak Rldge Laboratory 9821 Cogdill Drive #1 9821 Cogdill Dirlve #1
% E BFRLINE 601 Scarboro Rd. Knoxville, TN 37932 Knoxville, TN 37932
o Voice 865.-H75-3669 Volce B865-675-3669
Sample Log in Report Voice: (865) 481-0683 Fax 865-575-3677 Fax  865.675-3677
Fax: (865) 483-4621 Contact Cecilia Greens
Voice B865-675-3689
Fax 865-675-3677

Printed: 8/26/2015 2:15 PM




EBERLINE STANDARD OPERATING PROCEDURE MP-001, Rev. 13

e Effestive: 10/31/13
Sample Receiving Paga 130f 15

Eberiine Services — Oak Ridge Laboratory

SAMPLE RECEIPT CHECKLIST

ﬁgmﬁg‘gﬁﬁwom—z

SAMPLE MATRIX/MATRICES: {CIRCLE ONE CR BOTH)

AQUEQOUS NON-AQUEQU

{CIRCLE EITHER YES, NO, OR N/A)

WORK ORDER #

WERE SAMPLES:

Received in good condition?

N

&
If agqueous, properly preserved &7 N N/A

WERE CHAIN OF CUSTODY SEALS:

Present on outside of package?

Unbroken on outside of package?

Present on samples?

QIR IR|G

‘Unbroken on sampies?

zl|lz|z|z |z

Was chain of custody present upon' sample receipt? (\j

tF THE RESPONSE TO ANY OF THE ABOVE IS NO, A DISCREPANT SAMPLE RECEIPT REPORT
(DSR} HAS BEEN ISSUED.

REMARKS:

SIGNATURE: /ot DATE £ 2.5 i

Coby No. Radiochemisiry Services
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CASE NARRATIVE




EBERLINE AMALYTICAL CORPORATION
60| SCARBORO ROAD

QAK RIDGE, TENNESSEE 37830
PHONE (B65) 48I-0683

Fax (865) 483-4621

BERLINE

SERVICES

EBS-OR-39705
September 25, 2015

Marsha Joseph

Auxier & Associates, Inc,
9821 Cogdill Road #1
Knoxville, TN 37932

CASE NARRATIVE
Work Order # 15-08105-OR

SAMPLE RECEIPT

This work order contains thirteen air filter samples relogged 08/25/2015 at the request of the client.
These samples were analyzed for Isotopic Uranium, Isotopic Thorium, Actinium-227 (reported from
Thorium-227) and by Gamma Spectroscopy.

CLIENT ID LABID CLIENT ID LAB ID
ENGWESA001 15-08105-04 ENGWESAQ08 15-08105-11
ENGWESA002 15-08105-05 ENGWESA009 15-08105-12
ENGWESAO003 15-08105-06 ENGWESAQ10 15-08105-13
ENGWESA004 15-08105-07 ENGWESAOI1 15-08105-14
ENGWESAQ05 15-08105-08 ENGWESAQ]2 15-08103-15
ENGWESA006 15-08105-09 ENGWESA013 15-08105-16
ENGWESAQ07 15-08105-10

ANALYTICAL METHODS

Isotopic Uranium was analyzed using Method EML U-02 Modified. Isotopic Thorium was analyzed
using Method EML Th-01 Modified. Gamma Spectroscopy was performed using Method LANL ER-130
Modified. '

ANALYTICAL RESULTS

Combined Standard Uncertainty is reported at 2-sigma value,
Minimum Detectable Activity (MDA) values for data represented in this report are sample-specific.

MDA measurements are determined based on factors and conditions including instrument settings, aliquot
size and matrix type.

Page 1 of 3
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ANALYTICAL RESULTS CONTINUED

ISOTOPIC URANIUM

Samples were prepared by digestion of filter media using mixed acids followed by subsequent dilutions.
Aliquots from dilutions were taken and Uranium was selectively extracted by ion exchange. Uranium was
eluted, micro-precipitated and mounted on micro-porous filter media. Sample activities were then
determined by alpha spectroscopy using energy specific regions of interest for Uranium-234, Uranium-
235 and Uranium-238. Chemical recovery was determined by the use of a Uranium-232 tracer. Activity
of the Uranium-232 tracer was determined by alpha spectroscopy using an energy specific region of
interest.

Samples demonstrated acceptable results for all Uranium analyses. Chemical recovery was acceptable for
all samples. The Uranium-234, Uranium-235 and Uranium-238 method blank demonstrated acceptable
results. Results for the Uranium-234 and Uranium-235 duplicate demonstrated a high relative percent
difference; however, normalized difference is within acceptable limits for the analytical technique.
Results for the Uranivm-238 duplicate demonstrated an acceptable relative percent difference and
normalized difference. Results for the Uranium-234 and Uranium-238 laboratory control sample
demonstrated an acceptable percent recovery.

ISOTOPIC THORIUM

Samples were prepared by digestion of filter media using mixed acids followed by subsequent dilutions.
Aliquots from dilutions were taken and Thorium was selectively extracted by ion exchange. Thorium was
eluted, micro-precipitated and mounted on micro-porous filter media. Sample activities were then
determined by alpha spectroscopy using energy specific regions of interest for Thorium-227, Thorium-
230 and Thorium-232. Chemical recovery was determined by the use of a Thorium-229 tracer. Activity of
the Thorium-229 tracer was determined by alpha spectroscopy using an energy specific region of interest.

Samples demonstrated acceptable results for all Thorium analyses. Actinium-227 results were reported
from Thorium-227 assuming secular equilibrium. Chemical recovery was acceptable for all samples.
The Thorium-227, Thorium-230 and Thorium-232 method blank demonstrated acceptable resulis.
Results for the Thorium-232 duplicate demonstrated a high relative percent difference; however,
normalized difference is within acceptable limits for the analytical technique. Results for the Thorium-
230 duplicate demonstrated an acceptable relative percent difference and normalized difference. Results
for the Thorium-230 and Thorium-232 laboratory control sample demonstrated an acceptable percent
Tecovery. ‘

GAMMA SPECTROSCOPY

Air Filters for Gamma Spectroscopy analysis were prepared by transferring directly to standard geometry
containers, Samples were counted on High Purity Germanium (HPGe) gamma ray detectors.

Samples demonstrated acceptable results for all gamma-emitting radionuclides as reported. The method
blank demonstrated acceptable results for all radionuclides as reported. Results for the Beryllium-7,
Potassium-40 and Lead-210 replicate demonstrated an acceptable relative percent difference and
normalized difference. Results for the Cobalt-60 and Cesium-137 laboratory control sample
demonstrated an acceptable percent recovery.

Page 2 of 3




CERTIFICATION OF ACCURACY

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both
technically and for completeness, for other than the conditions detailed above. Release of the data
contained in this hard copy data package has been authorized by the cognizant project manager or his/her
designee to be accurate as verified by the following signature.

N

M.R. McDougall
Laboratory Manager

Date: 9/25/2015

Eberling Analytical wants and encourages your feedback regarding our performance providing radicanalytical services, Please
visit http://www, eberlineservices.com/client. htm to provide us with feedback on our services.

Page 3 of 3
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SECTION IV

ANALYTICAL RESULTS SUMMARY




Printed: 9/25/2015 12:05 PM Page 106f7

Raport To: . Work Order Details:
Eberline Ana Iyti cal Marsha Joseph ~ spe:. 15-08105
i X Auxier & Associates, Inc. Project: WESTLAKE
Final Report of Analysis 9821 Cogdill Drive #1 Analysis Category: | ENVIRONMENTAL o
Knoxville, TN 37932 Sample Matix: AF
I];h S;:‘pfe C'I‘;m Sg?t‘;’e Rgca'i;p? A';:t’:'s B‘;‘é‘:h Analyts Method Resuit cu  §  esu MDA cv F;e;:':
150810501 | LCS KNOWN 08/2615 00:00 | 8252015 | B/27/2015 | 15-08105 Cabalt-60 LANL ER-130 Modified | ©.82E+03 | 3.935+02 pCive
150810501 | LGS KNOWN ' OBIZ6M5 0000 | 8/26/2015 | 82772015 ¢ 1508105 : Cesium-137 LANL ER-130 Modified | 6.23E+03 | 2.49E+02 pCiss
150810501 | LCS SPIKE 08/26/15 0000 8/252015  8/27/2015 | 1508105 Cabalt-60 (ANL ER-190 Mogfied | 1.11E+04 | 1.305+03 | 1425403 | 180E+02 | 1.0SE+02 PCifs
1508105¢1 | LGS SPIKE 0B/26M5 00:00 | 8125/2015 | 8/27/2015 | 1508105 i  Cesium-137 [ANL ER-130 Modiied | 6.B1E+03 | 1.04E+03 @ 110E+03 | 1.18E+02 | 5.80E+01 pCifs
150810502 | MBL BLANK DEI2E1E 0000 | BI26/Z015 | 827045 | 15-08105 | Actinium-228 | LANL ER-130 Modifled | 3.79E+00 | 7.47E+00 | 7.5BE+0D | 12BE401 { 5.90E+00 pCirs
15.08105-02 1 MBL BLANK 08726115 00:00 | 8/26/2015 | 8/27/2015 | 15-08105 |  Berylium-7 LANL ER130 Modified | -8.31E+00 | 1.46E+07 | 146E+01 | 2.08E+01 | ©.84E+00 pCis |
15.08105.02 | MBL BLANK O0Bi26/15 0000 ¢ 842512015 | 8/27/2015 | 15-08105 | Bismuth-214 | LANL ER.120 Modified | 4.77E<D0 | 4B8OE+00 @ 4B8OE+00 | G66F+C0 | 3.16E+00 pCiis
150810502 | MBL BLANK DBIZ6115 0000 | BI26i2045 | 8279015 | 16-08108 | Potassion-40 | LANL ER-130 Modified @ 2.29E+01 | 2.17E+01 | ZA7E+DT | A28E+01 | 1.92F+01 pCiis
15.08105.02 | MBL BLANK OB/26/15 00:00 | 8/25/2015 | 8/27/90156 | 16-08106 | Protactinium-231| LANL ER-130 Madified | -247E+01 ; A456E+01 @ 456E+01 | 6.81E+01 | 3.26E+01 pCiis
15-08105.02 ML BLANK GBIZG/5 00:00 | 82512015 | 872712015 | 15-08105 Lead-210 LANL ER-130 Modified | 1.045+01 | 1.69E+01 | 1.60E+01 | 269E+01 | 1.32E+01 pCiis
15.08105.02 | MBL  BLANK OB/26/15 00-00 | 81252015 | 8/27/2015 | 15-08105 Lead-214 LANL ERA30 Modified | 3.756+00 | S.01E+00 | 302E+00 | B5.A1E4Q0 . ZA45E+00 pCits
15-06105.03 | DUP ENGWESAGD1 OBi24M5 1215 | B/25/2015 | 82712015 | 1608106 |  Actnium-228 | LANL ER-130 Modified | 5.00E+00 | 7.16E+00 | 7.16E+00 | 117E+01 & 542E+00 pCifs
16-06105-03 | DUP ENGWESAQD OG/24ME 1215 | 8/2612015 | 8/27/2015 | 1508105 |  Beryllium-7 LANL ER130 Modified | 2.60E+03 | 2.80E+02 | 3.10E+02 | B.OOE+01 : 3.87E+01 pCifs
15-08105-03 | DUP ENGWESADD1 0624115 1215 | 8252018 8/27/2015 | 1508105 | Bismuth-214 | LANL ER-130 Modified | -8.00E-01 | A436E+00 . 436E+00 | B37E+00 | 3.03E+00 pCiis
150810503 . DUP ENGWESAQDT 06/24/15 1215 | B/252015 | @/27/2015 | 1506106 | Potassium-40 | LANL ER-130 Modfied | 3.9BE+01 | 264E+01 | 265E+01 | A484E+01 . 2236401 pGifs
15.08105.03 ¢ DUP ENGWESADO! 08124115 1215 | BI25/2015 | 8/27/2015 | 1608105 | Protactiniumz31 | LANL ER-130 Modfied | 28BE+01 | B71E+01 | 571E+G1 | 939E+01 | 453E+01 | pGis
150810503 ; DUP ENGWESADO1 06124/15 1215 | 8/25/2015 | 8/27/2015 | 1508405 Lead-210 [ANL ER3C Modified | 4.15E+02 | S.A1E401 | 5.81E+01 | 524E«01 | 2578401 | pCils
150810503 | DUP ENGWESAQDT 06/24/15 12115 | 6/25/2015 = 8/27/2015 | 15-08105 Lead-214 CANL ER-130 Modified | 1.04E+00 | 3.068E+00 | 3.08E+00 | 54E+00 | 246E+00 | sCis
15.08105-04 Do ENGWESAQ01 0612415 1215 | 8252015 | 82872015 | 15.08105 | Aclinium-228 | LANL ER-130 Modfied | 8.55E-01 | 788E+00 | 7B8E+00 : 120E+01 | 5.60E+00 £Cifs
15.08105-04 0o ENGWESAQ01 06/24/15 12:15 | 825/2015 | 8/28/2015 | 15.081C6 |  Beryllium-7 LANL ER-130 Modified | 2.26E+03 | 2.53E+02 | 2.78E+02 | 7.29E+01 | 3.52E+01 pCils
15.08105-04 0o ENGWESAQ01 0612415 1245 | 812572015 | 8/28/2015 | 1508105 | Bismuth-214 | LANL ER-130 Modified | 211E+00 | 443E+00 | 443E+D0 = 6.88E+00 | 3.20E+00 pCils
150810504 0o ENGWESAQ01 0872415 1215 | Bi25/2015 | B28/2016 i 15-081C6 | Potassium4C | LAML ER-130 Modified | 3.35E401 | 281E+01 | 2.62E+01 | 4755401 | 2.10E+401 pCils |
15-08105.04 00 ENGWESAQ01 0817415 12:15 | B25/2015 | BI28/2015 | 16-081C5 | Protactinium-231| LANL ER-130 Modified | 3.47E+01 | 565E+01 | 566E+01 | 9.38E+01 : 4.53E+01 pGils
15.08105-04 Do ENGWESAQ01 0B/24M5 12:15 | 8/25/2015 | BI28/2015 | 15-08105 Lead-210 LANL ER130 Modifled | 3.81E+02 © 540E+01 | 547E+01 | G08E+01 | 2.49E+01 pCils
15-08105.04 Do ENGWESAG01 06/2415 12:15 | 8/25/2015 | B/28/2095 i 1508105 Lead-214 LANL ER-130 Modified | 5.32E+00 | ASIE+00 | 492E+00 | B.09E+00 | 3.93E+00 pCils
150810508 | TRG ENGWESACOZ 06724115 0940 | $/2Bi2015 | 827/2045 ¢ 1508108 | Aclnium-228 | LANL ER130 Modified | 3.33E+00 { 524E+00 | 5.24E+00 | BFOELO0 | 4.0ZE+00 pcis |

15.08105.05 | TRG ENGWESAQD2 06/24/15 0940 | 8/2602016 | B/27/2015 | 1508105 |  Berylium-7 LANL ER130 Modified | 2.82E+03 | 340E+02 = 342E+02 | 7.22E+01 | 3.51E+01 pCifs
150810506 | TRG ENGWESAQ02 06724115 0940 © 8/25/2015 | 82712045 ¢ 15-08105 | Bismuth-214 | LANL ER-130 Modified | 3.73E+00 © 359E+00 ; 3.60E+00 | S579E+00 | 277E+00 pCifs
15.08105.05 | TRG ENGWESAQ0Z OB/2A15 0940 | 82572015 | 8272015 | 1508106 | Potassium-40 | LANL ER-130 Modified | A.21E+01 | 2A9E+01 | 220E+01 | 4125+01 | 1.92E+01 pCils
150810505 | TRG ENGWESAQD2 0672415 0940 | B25/2015 | B/27/2015 | 1508105 | Protactimum-231 |  LANL ER-130 Modified | -$.02E401 | B532E+01 | 532E+01 | 8128401 | 393F+01 pClls

.. | "5ostos05 ©  TRE ENGWESAQDZ 0672415 09:40 | 8i25/2015 | 8/27/2075 1 1508105 Lead-210 UANL ER130 Moditied | 4.16E+02 | G.OTE+0t1 | S.50E+01 | 6275401 | 2.60F+01 pCirs
15.08105.05 | TRG ENGWESAQDZ 06/24/15 0940 | 8/25/2015 | 8/27/2015 | 15-08105 Lead-214 LANL ER-130 Modified | 4.83E+00 | 350E+00 | 3.B0E+00 | SAGE+DG | 2.50E+00 pCils

GU=Counting Uincertainty;CSU=Combined Standard Uncertainty (2-sigma);MBA=Minimal Detected Activity;LCS=Laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original; CV=Critical Value

- BERLINE FBERLINE ANALYTICAL CORPORATION
SERVICES | 601 SCARBORO ROAD OAK RIDGE, TN 37830  865/481-0683 Fax 865/483-462)
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Report To: B Work Order Details:
Eber“ne Analytical _ Marsha Joseph SDG: 15-08105
] . _Auxier & Associates, Inc, Project: ~ WESTLAKE
Final Report of Analysis 9821 Cogdill Drive #1 Aralysis Category: | ENVIRONMENTAL
Knoxville, TN 37932 Sample Matrix: AF
1*;;’ S;;"p‘:e C'I‘gm s:‘}:f:" Rgi‘i:’t Analysis | Bah Analyte Method Result cu csu MDA cv Fopert
15-08105-06 TRG ENGWESAQQSI 06/24/15 10:40 B/25/2015 | 8f27/2015 1508105 Actinium-228 LANL ER-130 Modified 4.94E+00 5.31E+00 531E+00 9.21E+00 4.22E+00 pCils
15-08105-06 | TRG ENGWESANG3 06124115 10:40 | $/25/2015 ¢ &27/2015 | 1508105 |  Berylium 7 LANL ER-130 Modified | 253E+03 | 264E+0Z | 2.94E+02 : S.21E<01 | 2.50E+04 pCiis
15-08105-06 TRG ENGWES';:\DOB 06/24/15 10:‘ WB.’251'201 5 8/27/2015 15-08105 Bismuth-214 LANL ER-130 Modified 2 36E+00 3.33E+00 J33E+00 ¢ 5.34E+00” T 2.53E+00 pCifs
15-08105-08 TRG ENGWESADQ3 06/24/15 10:40 82512015 | 82712015 1508105 Potassium-40 LANL ER-130 Moditied 3.25E+1 214E401 { 2.15E401 | 4.08E-+01 1.86E+01 pCifs
15-08105-06 TRG ENGWESAQD3 06/24/15 10:40 872512015 ¢ 8127712015 156-081056 | Protactinium-231 LANL ER-130 Maodiied «2.01E+01 8.57E+01 B8.57E+01 9.40E+01 4 57E+01 pCifs
15-08105-06 TRG ENGWESAQD3 08/24/15 10:40 \31'25,’2015 B2712015 15-08105 Lead-210 LANL ER-130 Modified 4.34E+02 5.80E+N £.31E+01 6.33E+01 3.13E+01 pCifs
15-08105-06 TRG ENGWESADDD 06/2415 10:40 8/25/2015 | 82772015 15-08105 iead-214 L ANL ER-130 Modified 1.39E+00 3.53E+00 3.53E+0Q 5.32E+00 2.56E+00 pCifs
150810507 | TRG ENGWESA0D4 /24115 1140 | 8/25/0015 | /2872015 | 15.08105 |  Actinium-228 | LANL ER.130 Modified | T.A7E+00 | 616E+G0 | B7E+00 | 1.03F+0t | 481E+00 pCife
15-08105-G7 TRG ENGWESADD4 06/24/15 11:40 87252015 | 8/28/2015 15-08108 Beryllium-7 LANL ER-130 Maodified 3.01E+03 3.28E+02 3.62E+02 9.40E+01 4 GOE+01 pCifs
150810507 | TRG ENGWESAQD4 DBI2415 1140 | 812512015 | 8128/2015 | 1508105 |  Bismuth-214 | LANL ER-130 Modified | B1SE+00 | 379F+00 | 38CE00 | 6.22E+00 | 2.99E+00 pCils
15-08105-07 TRG ENGWESAD04 06/24/15 11:40 8252015 | B/28/2015 1508105 Potassium-40 LANL ER-130 Modified 4.54E+01 “5,24E+01 2.25E+01 4.22E+01 1.97E+01 pCifs
15-08105-07 TRG ENGWESAQD4 G6/24/15 11:40 B8/25/2015 : B/28/2015 15-08105 | Protactinium-231 LANL ER-130 Modified -1.45F+01 6.57E+01 6.57E+01 8.42E+01 4.08E+01 pCifs
15.08105.07 | TRG ENGWESACO4 06124715 11-40 | 8/25/2015 | B/28/2015 | 15-08105 Lead-210 LANL ER-130 Modified | 4548402 | 5.37E+01 | 586E+01 | 5.40E+01 | 2.67E+01 pCiis
15-08105-07 TRG ENGWESADD4 06/24/15 11:40 ¢ 8/25/2015 | B/28/2015 | 15-08105 Lead-214 LANL ER-130C Modified 3.80E+00 3.82E+00 3.82E+00 5.36E+00 2.59E+00 pCiis
15-08105-08 TRG ENGWESAQ0S 06/23/15 1 O::_’)U BI25/2015 | 8/28/2015 45-08105 Actinium-228 LANL £ER~130 Modified 5.38E+00 5.71E+D0 571E+00D G 80E+00 4.52F+00 pCi's
15-08105.08 | TRG ENGWESAD05 0B/23M5 10:30 | 8/25/2015 | 8/28/2015 | 15-0B105 |  Berylium-7 LANL ER-130 Modified | 2.31E408 | 2445402 | 2.71E+02 | G8SE+01 | 333E+01 pCifs
15-08105-08 TRG ENGWESAOQS 06/23/15 10:30 8/25/2015 : 8/28/2015 15-08105 Bismuth-214 LANL ER-130 Modified 327E-01 3.42E+0C 3.42E+00 5.20E+Q0 2.46E+00 pCifs
18-08105-08 TRG ENGWESAOQS 06/23/15 10:30 8/25/2015 | 87282015 15-08105 Potassium-40 LAaNL ER-130 Modified 3 36E+01 2.21E+01 2.21E+01 4.18E+01 181E+01 pCifs
150810508 | TRG ENGWESACDS 0672315 10-90 | 8252015 | 82842015 | 15.08105 | Protactinium231] LANL ER-130 Modified | 3.58E+01 | 590E+01 | 590E+01 | BS1E+01 | 432E+01 pCiis
"'""1"5:‘0510503 TRG ENGWESADOS 08/23/15 10:30 B/25/2015 | 8/28/2015 1508105 Lead-210 LANL ER-130 Modified 3.97E+02 5.23E+01 5.61E+01 5 26E+01 2 80E+01 pCifs
150610508 | TRG ENGWESAQ05 [06123/15 1030 @/25/2015  §26/2015 | 1508105 | Lead-214 LANL ER-130 Modified 1 1.55E+00 | 336E+00 | 3.36E+00 | S5.40E+00 | 24BE+00 oCifs
15-08105-09 TRG ENGWESAQOS 086/24/15 13:00 B/25/2015 | 8/28/2015 1508105 Actinium-228 LANL ER-130 Modified 2.89E+00 8.75E+00 8.75E+00 1 47E+01 6.74E+00 sCifs
16.08105.09 | TRG ENGWESAQ0S 08/24/15 1300 | 8i25/2015 | B/28/2015 | 15.08105 |  Beryllivm 7 LANL ER-130 Mofied | 2.74E+02 | 1.52E+0Z | 153E+02 | 9.93E+01 @ 4.80E+01 pCils
150810509 | TRG ENGWESANDA 0B/2AH1E 1300 | Bi2512015 | BI28/2016 | 15-0805 | Biemuttr214 | LANL ER-130 Modfied | 5.70E+00 | 9.38E+00 | 939F+00 | 8.35E+00 : 3.05E+00 pCils
15-08105-09 TRG ENGWESADDS 06/24/15 13:00 B8/25/2015 | 8/28/2015 15-08105 Potassium-40 LANL ER-130 Modified -3.03E+00 2.84E+01 2.84E+(1 4 B8E+01 2.06E+01 pGifs
150810509 | TRG ENGWESAO08 OBANE 1300 | Si2Bi2015 | B/26/2016 | 15-08405 | Protactnium 231 | LANL ER-130 Modfied | 387E+01 | 636E+01 | G.I6E+01 | 1.02E+02 | 4.00E+D1 pCils
150870508 | TRG ENGWESA00S 08124115 13:00 © Bi25/2015 | 8/28/2015 | 1508105 | Lead 210 LANL ER-130 Modffied | 439E+01 | 272E+401 | 2.73E+01 | 445E+01 | 218E+D1 pCils
150810509 | TRG ENGWESADS 06124115 13:00 | 8/25/2015 | 8/28/2015 | 1508105 |  Lead-214 LANL CR-130 Modified | 370E+00 | 410E+00 | 411E+00 | B7GE+00 | 3.J4E+00 £Cifs

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty (2-sigma);MDA=Minimal Detected Activity;LCS=Laboratory Contrel Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original; GV=Critical Value

EEBERLINE EBERLINE ANALYTICAL CORPORATION
SERVICES | 601 SCARBORO ROAD OAK RIDGE, TN 37830  865/4B1-0683 Fax 865/4L83-462)
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Report To: Work Order Details:
Eberline Ana Iytica I Marsha Joseph soe:  15-08105
. R .. Auxier & Associates, Inc. o Project: WESTLAKE
Final Report of Analysis 9821 Cogdill Drive #1 Analysis Category:  ENVIRONMENTAL
Knoxville, TN 37932 Sample Malrix: AF
Lla; S_?Tp;ae:e CI;;nt SE[’;:tI:; e Rg(;?:}t A“ggjs E?E;:h Analyte Method Resuit cu 14 MDA cv RL:_';?:
15-08105-10 TRG ENGWESADO7 06/23/15 09:38 8/252015 | 8/28/2015 15-08105 Actinium-228 LANL ER-130 Modified TA41E+00 G.18E+0D 6.20E+00 1.02E+01 4. 78E+00 pCifs
150810510 |  TRG ENGWESARGT _ 06/23/15 00:38 | B/25/2015 | 8/28/2016 | 1508105 |  Beryllium 7 LANL ER-130 Modified | 2.55E+03 J00EH0Z | BABE+01 | 314E+01 oCifs
160810510 | TRG ENGWESACOT ) 612315 0936 | 8126/2016 | 8i28/2015 | 15-08105 | Bismuth2i4 | LANL ER-130 Modified | 4 53E+00 2.04E400 | 4B3E+00 | 2.20E+00 pCils
15-08105-10 TRG ENGWESADCT 06/23/15 09:38 8/25/2015 | B/28/2015 15-08105 Potassium-40 LANL ER-13G Medified 2.28E+01 2.03E+01 2.04E+01 3.63E+01 187E+01 pCifs
150810510 | TRG ENGWESADST "06/23/15 09:38 | 8/26/2015 | 0i2B/2015 | 1508105 | Protactnium-231 | LANLER-130 Modified | 179E:01 | AATEY01 | 447EO1 | TOGE+01 | 341E+01 pCils
15.08105-10 } TRG ENGWESAGI? TOB/23M5 0038 | 8/25/2015 | 8/28/2015 | 15-0B105 Lead 210 LANL ER130 Modified | 4.34E+02 © 5.05E+01 | 552E+01 | 402E+01 | 198E+01 pGiis
18-08105-10 TRG ENGWESAODTY 06/é3115 09:38 8/25/2015 | B/28/2015 15-08105 Lead-214 LANL ER-130 Modified 4 68E+00 2.556+00 2.55E+00 4 28E+00 2.96E+00 pCifs
150810511 | TRG ENGWESAQDS D6ioAE 1125 | B/25/2015 | B/28/015 | 1508106 1 Actnium-228 | LANL ER130 Modifie ; 1.86E+D0 | B.25E+00 | 625E+00 | SFAE00 | 4.54E+00 pCifs
150810511 | TRG ENGWESAD0S 0672316 1126 | 812512015 | 8/28/2015 | 15.08405 |  Beryllium-7 I ANI FRA30 Modiied | 2.61E+03 | 287E+02 | 347402 : 596E+01 | 288E+01 2Cifs
150810511 | TRG ENGWESAQDS 6723715 1125 | Bi252015 | 81282015 | 15.081058 |  Bismuth-214 | LANL ER-130 Modified | 943E+00 | 392E400 | 395E+00 | 6.52E+00 : 3.18E+00 oCils
15-08105-11 TRG ENGWESAOO0S 06/23/115 11:25 8/2B/2015 | 8/28/2015 15-08105 Potassium-40 LANL ER-130 Modified 3.16E+07 2.35E+01 2 35E+01 4.15E+M 1.93E+01 pCifs
15-08105-11 TRG ENGWESAGOS 08/23/15 11:25 H 8/25/2015 . 8/28/2015 15-08105 | Profactinfum-231 £ ANL ER-130 Modifled -3.84E+01 6 55E+G1 6.56E+01 B8.1CE+01 3.92E+01 pCifs
15-08105-11 TRG ENGYESAD08 06/23/15 11:25 : 8/25/2015 © B/28/2015 15-08105 tead-210 LANL ER-130 Modifled 3.88E+02 5.22E+01 5.58E+01 6.11E+01 3.02e+01 pCils
15.08106-11 | TRG ENGWESAG0S 08123115 11:26 | B/25/2015 | B/28/2015 | 1506105 Lead 214 LANL FR130 Modified | 2.4TE400 | 3.67E+00 | 367E+00 | 50BE400 | 2.45E+00 pCils
150810512 | TRG ENGWESAGOS GeiaSE 1508 | Bia5/2015 | GIEAR01E | 108108 | Actrium-z28 | LANL ER-130 Modfied | -2.69E-01 | GS9E+00 : BEOE+00 | 1.01E+01 | 4.66E+00 pCis
15-08105-12 TRG ENGWESAD0S 06/23{15 1326 B8i25f2015 | Bf28/2015 15-08105 Beryliium-7 LANL ER-130 Modified 1.75E+03 1.80E+02 2.10E+02 6.80E+01 3.29E+01 plis
15-08105-12 TRG ENGWESAQCS 06/23/15 13:26 8f25/2015 | 8f28/2015 15-08105 Bismuth-214 L ANL ER-130 Modified 2.22E+00 3.28E+00 3.28E+00 5.27E+00 2.50E+00 pL¥s
15-08105-12 TRG ENGWESAOC9 06/23/15 13:26 8/25/2015 | 8/28/2015 15-08105 Potassium-40 LANL ER-130 Modified 2.18E+01 2.31E+01 2.31E+01 3.98E+01 1.81E+01 pCils
150810512 | TRG ENGWESAQ0S OB/23115 1326 BI26i2015 | Bi28i2015 | 16-08108 | Protactmlrn231| LANL ER130 Modified | 198F+01 | 554E+01 | 554E+01 | B32E+0] | 4.02E+01 pCils
150810512 | TRG ENGWESACDS 0612315 13:26 | S/25/2015 | Bi28/2015 | 15-08105 Lead-210 LANL ER130 Modified | 3.03E+02 | AJBE+01 | 500E+01 © 577E+01 | 285E+01 pCils
156-08105-12 TRG ENGWESAD09 06/23/15 13:26 8/25/2015 : 8/28/2G15 15-08105 Lead-214 LANL ER-130 Mcdified 147E+Q0 3.30E+00 3.30E+00 4.97E+00 2.39E+00 pCifs
15-08105-13 TRG ENGWESAQ1TQ 06/23/15 1410 8/25/2015 ¢ 8/28/2015 15-08105 Actinium-228 LANL ER-130 Modified 1.87TE+Q0 5 91E+00 5.91E+00 9.25E+00 4.32E+00 pCifs
150810513 | TRG ENGWESAMG GBIZAME 1410 | 8/25/2015 | 8/28/2015 | 1508105 | Berylium-7 UANL ER130 Modfled | 2.28E+03 | 243E+03 | 270E+02 | B.94E+01 | 3.38E+0] pGils
150810513 | TRG ENGWESADTO SB35 1410 | B25/2015 | 82872016 | 1508106 | Bismuth-214 | LANL ER-130 Modified | B.19E-01 | 3.46E+00 | 3.46E+00 | S508E+00 | 2.42E+00 pCils
150810513 | TRG ENGWESA010 OB/3HE 1610 | BI25/2015 - BI2E/ZON5 | 1508106 | Potassium40 | LANLER-130 Modfied | 209E+01 | 181F+01 | 1.82E+01 @ 3.27E+01 | 149E+01 pCils
15-08105-13 TRG ENGWESAD1C 06/23/15 14:10 82512016 8/28/2015 15-08105 { Protactinium-231 1. ANL ER-130 Modified 3.54E+01 4.48E+(1 4. 48E+01 7 44E+01 3.60E+01 pCifs
150810513 | TRG ENGWESAQ0 06723115 1410 | 8/25/2015 8/28/2015 | 15-08105 |  Lead-210 UANL ERA30 Modified | 3.08E+02 | 4.84E+01 | 5256401 | 4.34E401 | 2.13E+01 pClis
15-08105-13 TRG ENGWESAC10 06/23/15 14:10 B/25/2015 | 8/28/2015 15-G8105 | ead-214 LANL ER-130 Modified 2.68E+00 2.39E+0D 2.38E+00 4 16E-+00 1.98E+00 pCils

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty {2-sigma};MDA=Minimal Detected Activity;LCS=Laboratory Control Sampie; MBL=Blank; BUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original; CV=Critical Value
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Report Tor. - Work Order Details:
Ebe r' in e Ana Iytic al |- Marsha Joseph SDG: 15-08105
_ i Auxier & Associates, Inc. Project: WESTLAKE
Final Report of Analysis 9821 Cogdill Drive #1 Analysis Category’,  ENVIRONMENTAL
Knoxville, TN 37932 Sample Matrix. AF
"|an S;;::; i C';;“t Sgr:t‘;'e R;‘::‘ept A“g;{:'s B?lt;h I pnagte Method Result cu csu MOA cv Ft;’}"‘::
15-08105-14 TRG ENGWESADT 06/Z315 08:58 B/25/2015 : 8/28/2015 ; 15-08105 Actinium-228 LANL ER-130 Medified 5.90E+00 6.22E+00 6.23E+00 | 1.03E+01 4.81E+00 pCils
15-08105-14 TRG ENGWESAO1 08/23/15 08:59 8/25/2015 ¢ B8/28/2015 | 15-08105 Berylium-7 LANL ER-130 Medified 2.51E+03 2.79E+02 3.07E+02 7.37E+01 3.58E+01 pCils
15-08105-14 TRG ENGWESAD1 - 08/23/15 08:59 8/25/2015 1 8/28/2015 15-08105 - Bismuth-214 LANL ER-130 Mﬂd‘rﬁv;c'im 2.50E+00 3.78E+00 3.76E+00 5.92E+00 @ 2.83E+00 PC]!‘S‘”“
15-08105-14 TRG ENGWESAO11] 06/23/15 08:58 B/25/2015 | 872812015 ¢ 15-08105 Potassium-40 LANL ER-130 Mcdified 5.79E+01 2.35E+01 2.37TE+01 4.45E+01 2.08E+01 pCifs
15-08105-14 TRG ENGWESAD{1 DB/23/15 08:58 8/25/2015 | 8/28/2015 | 15-08105 } Protactinium-231 LANL ER-130 Modified 5.37E+01 6.19E+01 6.20E+01 8.54E+01 4. 14E+01 pCiis
15-08105-14 TRG ENGWESAD11 06/23/15 08:58 8/25/2015 @ 8/28/2015 | 15-08105 Lead-210 LANL ER-130 Mcedified 4 59E+02 5 80E+01 5.26E+01 8.46E-+01 3.20E+01 pCl/s
15-08105-14 TRG ENGWESAD11 06/23/15 08:59 8/25/2015  8/28/2015 | 15-08105 Lead-214 |LANL ER-130 Modified 3.00E+00 3.65E+00 3.65E+00 5.08E+00 2.456+00 pCirs
15-08105-15 TRG ENGWESAQ12 06/23/15 14:50 8f25/2015 & 8/28/2015 | 15-08105 Actinium-228 { ANl ER-130 Modified 3.88E+00 7.07E+00 7.07E+00 1.15E+G1 5.32E+00 pCifs
15-08105-15 TRG ENGWESAD12 06/22/15 14:50 82612015 ¢ B/28/2015 | 15-08105 Beryllium-7 {.ANL ER-13C Modified 2.90E+03 3.07E+02 3AE+02 TT1E+01 3T73E+01 pCifs
15-08105-15 TRG ENGWESAD12 06/23/15 14:50 872512015 © Bf28/2015 1508105 Bismuth-214 LANL ER-130 Modified 2.25E+OD 4.05E+00 A.05E+00 6.37E+Q0 3.03E+00 pCifs
15-08105-15 TRG ENGWESAU‘Ié 06}53/15 14:50 87252015 ; 8/28/2015 15-08105 Potassium-40 LANL ER-130 Modified 4.84E+01 2.75E+01 2.76E+01 5.16E+01 2.39E+d:| pCifls
15-08105-15 TRG ENGWESAD12 06/23/15 14:50 8/25/2015 | 8/28/2015 | 15-08105 : Protactinium-231 LANL ER-130 Modified 3.08E+01 5.89E+01 5.89E+01 8.78E+01 4 72E+01 : oCifs
15-08105-15 TRG ENGWESAD12 06/23/15 14:50 B8/25/2015 | 8/28/2015 ¢ 15-08105 Lead-210 LANL ER-130 Modified 5.38E+02 6.41E+01 & 98E+01 535E+01 2.83E+01 pCifs
15-08105-15 TRG ENGWESAG12Z 06/23/15 14:50 B8/25/2015 | 8/28/2015 i 15-08105 Lead-214 LANL ER-130 Modified Aa:‘BSE-*UO 3.39E+00 3.39E+00 5.84E+00 ‘?’.31 E+00 oCifs
15-08105-16 TRG ENGWESAD13 06/23/15 15:30 8/25/2015 | B/28/2015 §{ 1508105 Actinium-228 LANL ER-130 Modified 5.84E+00 5.86E+00 5.87E+00 9.67E+00 4.51E+00 pCifs
15-08106-16 TRG ENGWESAC13 06/23/15 15:30 8/25/2015 | 8/28/2015 15-08105 Beryllium-7 LANL ER-130 Modified 2.7BE+03 3.06E+02 3.38E+02 T.09E+01 ¢ 3.44E+01 pCifs
15-08105-16 TRG ENGWESAL13 08/23/15 1530 8/252015 ; 8/28/2015 | 1508105 Bismuth-214 LANL ER-130 Modified 1.65E+00 3.56E+00 3.56E+00 553E+00 | 2.64E+00 pGils
15-08105-18 TRG ENGWESADOIS 08/23/1515:30 8/25/2015 ¢ B/28/2015 15081056 Potassium-40 LANL ER-130 Maodified 4 61E+01 1.89E+01 1.90E+01 3.83E+01 1.77E+01 pCifs
15-08105-18 TRG ENGWESAD13 06/23/15 15:30 81252015 | 8/28/2015 15-08105 | Protactinium-231 LANL ER-130 Modified -337E+01 £.57E+01 6.57E+01 8.12é+01 3.93E+01 pCifs
15-08105-18 TRG ENGWESA013 06/23/1515:30 8/25/2015 | 8/2B/2015 | 15-08105 Lead-210 LANL ER-130 Modified 4.37E+02 548E+01 5.92E+01 6.00E+01 2.97E+01 pCifs
15-08105-16 TRG ENGWESAD13 06/2315 15:30 8/25/2015 | B/28/2015 . 15-08105 Lead-214 LANL £R-130 Modified 5.16E+Q0 3.83E+00 3.64E+0C 5.26E+00 2.54E+00 pCits

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty (2-sigma);MDA=Minimal Detected Activity;t CS=Laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original; CV=Critical Value

EBERLINE ANALYTICAL CORPORATION
| 601 ScARBORO RoAD Oak RIDGE, TN 37830  865/481-0683 FAX 865/483-462
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Report To: ) Work Order Details:
Ebe rline Ana Iytical Marsha Joseph spe:, 15-081056
j _ N Auxier & Associates, Inc. Project: WESTLAKE
Final Report of Analysis 9821 Cogdill Drive #1 Analysis Category. . ENVIRONMENTAL
Knoxville, TN 37932 Sample Matrix. AF
"laDh s;:::;e C'[’;"f ngt': le Rg‘:z’t Arg;z:is B?Ef n Analyte Method Result | CU csy mMpa | oy F:Je:t’:
15-08105-02 MBL BLANK 08/286/15 00:00 8/25/2015 9/4/2015 15-08105 Actinium-227 EML Th-01 Modified 3.67E-02 4 77E-02 4.79E-02 6.60E-02 5.91E-03 pCi/s
150810603 | DUP ENGWESANGZ OB/24/15 00:40 | 8/25/2015 | SM/2015 | 15-08105 |  Actinium227 EML Th-01 Modified 321E01 | B20E01 | B23E01 | 375E01 | 4.20E02 pCils
150810604 | TRG ENGWESADQ 06124115 1215 | 6/25/2015 | GM/2016 | 1508105 | Actinium 227 EML Th-1 Modified 2ASE0Z | 9.84E02 | 9.85E02 | 253E01 | 285E.02 pCils
15.08105-05 Do ENGWESADDZ 6/24/15 09:40 | 8/25/2095 | S/4/2015 | 15-0B105 |  Actinium-227 EML Th-01 Modified 276501 | 27501 | 277E01 | 322601 | 251E-02 pCils
150810506 | TRG ENGWESADD3 ' Q6724115 10:40 | 8/25/2015 | /42015 | 1508105 | Actnitm-227 EML Th-01 Modified 349E02 | 1.03E01 | AG3EO1 | 224E01 | 3.B6E-02 pCils
16.08105.07 | TRG ENGWESAQ04 T eia5 1140 | 8/25/2015 | 9142015 | 1508105 |  Actinium-227 EML Th-01 Medified TASE0Z | 1.04E01 | 104E01 | 157E-01 | 176E-02 pGiis
15.08105.08 | TRG ENGWESAQ05 o OGIZE1E 10:30 | 87252015 | 9/4/2015 | 15.08105 |  Actinium-227 EML Th-01 Modified TI9E01 | 181E0s | A83E-01 | ZOAELGH | 2.29E-02 pCifs
150810608 | TRG ENGWESAQDS 06724715 13:00 ¢ 8/25/2015 | 9Miz015 | 15-08105 | Actiium 227 EML Th-o1 Meodified 161E01 | 149601 | 1850E01 | 171EG1 | 2.29E-02 pCils
150810510 | TRG ENGWESADDT 06123115 00.38 | B/25/2015  OM/2015 | 1508105 |  Actinium 227 EML Th-01 Madified 204E01 | 191E0F | 4S3EOC1 | 252E01 | 6.36E-02 pClis
150810511 | TRG ENGWESAODS _ 06/23115 125 | 8/25/2015 | 02015 | 15.08105 | Actiium 227 EML Th-o1 Modified 158E-01 | 168601 | A70EG1 . 233E01 | 4.80E-02 pCifs
150810512 | TRG ENGWESAODS 06/23/15 1326 | Bi25/2015 | 9472015 | 1508105 | Actinium-227 EML Th-01 Modified 968E02 | 148E01 | 118EC1 | 143E-01 | 8.91E-03 oCifs
150810513 | TRG ENGWESAG10 06/23/15 14:10 | B/25/2015 | /42015 | 15-081C5 | Actinium 227 EML Th-01 Modifiett 1.58E-01 1.62E-01 183EQT | 24BEQ01 | 4.40E-.02 pCils
160610514 | TRG ENGWESACT] 06123115 0B.60 ¢+ 6/26/2015 | Gi4i2015 | 15.08105 | Actinium-227 EML Th-01 Modified 696602 | AAOE01 | 149E01 ¢ ZOIEL1 | 1.78E0Z Cifs
150810515 | TRG ENGWESAC1Z 08133/15 1450 | 8/25/2015 | 9i472015 | 1508105 | Actinium.227 EML Th-01 Modified 861E03 | 120E:01 | 120E01 | B44EG1 | B.2TE-02 aClfs
150810516 | TRG ENGWESAC13 06723115 15:30 | 8/25/2015 | 942015 ; 1508105 |  Actinium 227 EML Th-01 Modified AMEO1 | 928E02 | GA4SE02 | 3ABE01 | 143ED1 5GCils
15.08105-01 | LCS KNOWN 0B/Z6/15 00:00 | 8/25/2015 | 9/4/2015 | 1508105 | Thorium-230 EML Th.01 Modified 5.34E+00 | 144E-01 : oGl
15.08105.01 | LCS SPIKE 0B/26/15 00:00 | 8/252015 | 9/4/2015 | 1508105 | Thorium-230 EME TR-01 Modified GATE+0D | O.57E01 | 1225400 & 6B0E-02 | 818E-02 pCits
150810502 1 MBI, BLANK 0872615 00:00 | 8/26/2015 | 9/4/2015 | 1508105 | Thorium 230 EML Th-01 Modifed 0.4E02 | T71E02 | 779502 | BAOED? | 86AE02 pCils
150810503 | DUP ENGWESADOZ 06724115 00:40 | 8252015 | 9/472015 | 15-08108 | Thorium. 230 EML Th-01 Modified 323E01 | 340EC1 | 3A3E01 | 332501 | 3.995.01 pCils
15.08106-04 | TRG ENGWESAODT 06124115 1216 | /252015 | 942015 | 15.08105 | Thorum-230 EML Th-01 Modified 786EH + BH9E01 | 4A0E01 | 195501 | 2.62E.01 pCis
150810505 | DO ENGWESAQ0Z 6124115 0940 | BI9512045 | 9M4i2015 | 15.08105 |  Thatium 230 EML Th-01 Modified FTATECT | Z9ZE01 | ZOBE01 | Z49E-01 | 333E01 pCis
150810506 | TRG ENGWESA003 06/24/15 10:40 | 8/25/2015 | 9/4/2015 | 5-08105 |  Thorum-230 EML Th-01 Modfied BIGECI | 3B5EC1 | 3.78E01 | 237501 & 235501 pCis
150810507 | TRG ENGWESA004 0612415 1140 | 82502015 | S/M4/2015 & 15.08105 | Thorium 230 EML Th-01 Modfied TE+00 | BOTEGT | 6.48E-01 | 121E.01 | 162E.01 pCifs
15.0B105-08 | TRG ENGWESACDS 0612315 1030 | BI9513015 | Gi4/2015 | 15.08105 |  Therium-230 EML Th-01 Modified TaaEr00 | BZIEO1 | 6.6E-01 | 2A3E01 ¢ 230E.01 pCils
150810606 | TRG ENGWESAQ0S 06/24715 13:00 | BI25(2015 | G/4{2015 | 15.08105 | Thorium-230 EML Th-01 Moddtied GOIECT | ZAIE01 [ 2.48E01 | 141E01 | 1.695.01 pCiis
150810510 | TRG ENGWESACDT O6/Z3/15 09:38 | B/25/2015 | 9/4/2015 | 1508105 | Thorium-230 EML Th-01 Modiied TB0EF00 | 435601 | 4B9E01 | 204E01 | 2.0BE-01 pCirs
150810611 | TRG ENGWESAG03 0672315 11:25 | 6252015 | /42015 | 1508105 | Thorium-230 EML Th-01 Modiied 8.03E-01 | B49E-01 | 363E.01 | 186ED01 | 2.01E-01 peifs
150810512 | TRG ENGWESAGDS 06/23/15 13.26 | B/25/2015 | 9M/2015 | 1508105 | Thorum-230 EML Th-01 Modified o73E-01 | 389=01 | 407E01 | 18TE01 | 2.03E01 pCiis
150810513 | TRG ENGWESACTD ' B/23/15 1410 | B/25/2015 | 9M/2015 | 1508105 | Thorium-230 EML Th-01 Modiied 10BE+00 | AA3E01 | A34E01 | 265601 | 2.43E-01 pCils
150810514 | TRG ENGWESAQ1 1 0B/23/15 08:50 | B/25/2015 | /472015 | 15-08105 | Thorium-230 EML Th-01 Modified 94SE 01 | 425501 | 441E01 | 230E01 | 2.4BE-01 pCifs
150810515 | TRG ENGWESAQ12 OBIZ3/15 1450 | G/Z5/2015 | G/4/2015 | 15-06105 | Therum 230 EML Th-o1 Modified 21AE+00 | 779501 | 823E-01 | 292E01 | 3.30E-04 pCis
"""" 1508105-16 | TRG ENGWESA013 062315 1530 | B/25/2015 | 9/4/2015 | 1508105 | Therium-230 EML Th-01 Modified TBSE-01 | 3B0E01 | 373E.01 | 2.66E-01 | Z2.56E-01 pGifs

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty (2-sigma); MDA=Minimal Detected Activity;LCS=Laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original; CV=Critical Value
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Ebel‘line Analytical _Marsha Joseph SDG:§ 15-08105
A . Auxier & Associates, Inc. Project: WESTLAKE
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Knoxville, TN 37932 Sample Matrix: AF
ngb . S;;':;'e | C'I';"t 5;‘:{’:" ReDiift A"[?;{:'s BTIt;h Analyte Method Result cu csu MDA ov RJ;’;::

15-08105-01 LCS KNOWWN 08/26/15 00:00 Bf25/2015 9/4/2015 15-08105 Thorium-232 EML Th-01 Madified 478E+0D0 1.72E-01 pCifs
15-08105-01 LCS SPIKE 08/26/15 UUMUO 8/25/2015 9/4/2015 15-08105 Thorium-232 EML Th-01 Maodified 5.37E+00 8.55£-01 9.77E-01 8.51E-02 1.07E-03 pCifs
150810502 | MBL BLANK 08/26/1500:00 | 8/25/2015 | 0/42015 & 15.08105 | Thorium.232 EML Th 01 Madified 132E02 | 300502 | BO0EQ2 | BASEOZ | 147E02 oCils
15-08105-03 DUP ENGWESA002 06/24{15 09:40“ ! B125/2015 9/4/2015 15-08105 Thorium-232 EML Th-01 Medified 1.84E-01 2.39E-01 2.40E-01 3.31E-01 2.87E-02 pCifs
15-08105-04 TRG ENGWESA001 06/24/15 12:15 8/25/2015 9/4/2015 15-08105 Theorum-232 EML Th-01 Maodified 3.19E-01 2.48E-01 2 49E-01 1.95E-01 1.15E-02 pCifs
15-08105-05 DO ENGWESADO2 06/24/15 09:40 B/25/2015 9/4/2015 15-08105 Thorium-232 EML Th-01 Modified 2.92E-02 1.22E6-01 1.22E-01 3.128-01 3.47E-02 pCifs
15-08105-06 TRG ENGWééAOUE 06/24/15 10:40 | B/25/2015 © 9/4/2015 15-08105 Thorium-232 EML Th-01 Meodified 1.01E-01 1.73E-01 1.73E-01 3.08E-01 1.08E-01 pCifs
150810507 | TRG ENGWESADD 0B/24/15 1140 | §/25/2015 | 9/4/2015 | 1508106 |  Thorium.232 EML Th-01 Modified 744501 | 8A1E01 | 3ABE-01 | 139E-01 | 1.20E402 pCits
15-08105-08 TRG ENGWESAC‘.E;M 06/23/15 10:30 8/25/2015 4/4/2015 1508105 TthL‘l‘l“l:l‘-232” Bl EML Th-01 Modified 451601 2.78E-01 2.81E-01 2.37E-01 4.12E-02 pCifs
15-08105-09 TRG ENGWESA00E 06/24/15 13:00 8."55;}2015 8/4/2015 1508105 Thorium-232 EML Th-01 Modified 2 55E-01 1.78E-01 1.79E-01 1.41E-01 1.22E-02 pGifs
150810510 | TRG ENGWESADGT 06723115 0038 | 8/25/2015 | S/4/2015 | 15.08405 | Thorium-232 EML Th-01 Modified 240E.01 | 266E01 | 268E01 | 286E01 . 7.93E-02 pCifs
15-08105-11 TRG ENGWESADUS 06123115 11“:‘25 8/25/2015 8/4/2015 15-08105 Thorium-232 EML Th-01 Modified 1.B0E-01 1.90E-07 1.90E-01 277E-01 8.64E-02 pCils
15-08105-12 TRG ENGWESADCY 06/23/15 1326 8/25/201% G/4/2015 15-08105 Thorium-232 EML Th-01 Modified 2.21E-01 1.76E-01 1.77E-01 1.58E-01 1.38E-Q2 pCifs
15-08105-13 TRG ENGWESAQ1D 06/23/15 14:10 B/25/2015 ©14/2015 15-08105 Thorium-232 EML Th-01 Modified 3.01E-01 2.14E-01 2.16E-01 2.26E-01 5 1E-02 pCifs
15-08105-14 TRG ENGWESAO11 06/23/15 08:59 Bf25/2015 8/4/2015 15-08105 Thoriurmn-232 EML Th-071 Modified 2.64E-01 2.17TE-Q1 2.18E-01 2.43E-1 2.37E-02 pCifs
150810615 | TRG ENGWESAQ12 08/23115 1450 | B/25/2015 | 9472015 | 15-08105 | Thorum-232 EML Th-01 Modified 9A7E01 | 47BE01 | A485C.01 ° 2O2E.01 | 5.26E-02 pCifs
15-08105-16 TRG ENGV\!ES:‘?\UT:'! 0B/2315 1530 8/25/2015 9/4/2015 15-08105 Thorum-232 EML Th-01 Modified 1.42E-01 1,53E-?‘[ 1.54E-01 2.04E-01 3.16E-02 pCifs
15-08105-01 LCS Eiﬁ&NN 0872615 00:00 8!25/2615 9/4{2015 1508105 Uranium-234 EML U-02 Modified 8.07E+00 2.90E-0% pCils
150810501 | LCS SPIKE OBI26H5 D000 - BI2BP0H - OMI2015 | 1508105 | Uranium 234 EML U-02 Modified 782E400 | 113E+00 | 1.28E+00 | GB7E-Z | 1.97E-02 pCits
15-08105-02 MBL BLANK 08/26M15 00:00 8/25/2015 9/4/2015 15-08105 Uraa';fum-234 EML U-02 Modified -1 12602 3.43E-02 343E-02 9.33E-02 1.33E-02 pCifs
15.08105.03 | DUP ENGWESAD03 06/24/15 10:40 | 8/2512015 O/4/2015 | 15-08105 | Uranium 234 EML U-02 Modified 007E-01 | S58BE01 | 57O0E-01 | A407E01 | 3.966-02 pCits
15-08105-04 TRG ENGWESADD1 06/24/15 12:15 8/25/2015 9/4/2015 15-08105 Uranium-234 EML 1J-02 Modified 1.61E+00 5.38E-01 §.48E-01 4.69E-01 1.62E-01 pCifs
15.08105-05 | TRG | ENGWESA0O2 06/24/1500:40 | 8/25/2015 | G/4/2015 | 1508105 | Uranium-234 EML U-02 Modfiad 133E+00 | B.O00E01 | BOOE-01 | 240E-01 | 342E-02 pCirs
15-08105-06 als] ENGWESA003 06124715 10:40 812572015 9/4/2015 15-08105 Uranium-234 EML U-02 Modified 1.61E+00 8.39E-01 8.47TE-C1 6.02E-G1 1.278-02 pCils
15-08105-07 TRG ENGWESAUU4 06724715 1140 812512015 9f4/2015 15-08105 Uranium-234 EML U-02 Modified 1.31E+00 4.79E-01 4 88E-01 2.33E-01 5.02E-03 pCifs
15.08105.08 | TRG ENGWESAQDS 06/23/15 10:30 | 8/26/2015 | 4/2016 | 15.08105 |  Uranium-234 EML U-02 Modfied 100E+00 | 40BE01 : 414E-01 : 229E-01 | 3.74E02 pCis
15-08105-08 TRG ENGWESAROS 06/24/15 13:00 8/25/2015 9/4/2015 1508105 Uranium-234 EML L-02 Modified 1.33E+00 4.55E-01 4 65E-01 1.50E-01 1.07E-02 pClis
15-08105-10 TRG ENGWESACOT 0672315 09:38 BI26/2015 Qi412015 1508105 Uranium-234 EML U-02 Modified ) 1.81E+00 5.84E-01 5.98E-01 2 18E-01 2.64F-02 pCits
150810611 | TRG ENGWESAQ0B 06/23/15 11:25 | 8/25/2015 | 9/4/2015 | 1508105 | Uranium-234 EM{ U-02 Modied 151E+00 | 537E01 | 5A48E01 & 1BIE01 | 1.29E-02 pCits
15-08105-12 TRG ENGWESA00Z 06/23/15 13:28 8/25/2015 /412015 15-08105 Uranium-234 EML U-02 Modified 1.48E+00 5.09E-01 5.19E-01 2.45E-01 4.456-02 pCifs
15-08105-13 TRG ENGWESAO10 06/23/15 14:1C 8/25/2015 9/4/2015 15-08105 Uranium-234 EML U-02 Modified 1.44E+00 | 5.62E-01 571E-01 240E-01 2.34E-02 pCils
15-08105-14 TRG ENGWESAO1! 06/23/15 08:59 8/25/2015 9/4/2015 15-08105 Uranium-234 EML U-02 Modified 1.08E+00 ! 4.21E-01 4.28F-01 1.61E-01 1.15E-02 pCifs
15-08105-15 TRG ENGWESA012 06/2315 14:50 8252015 9/4/2015 15-08105 Uranium-234 EML U-02 Modified 2.37E+00 7.52E-01 7.71E-01 2.53E-01 247E-02 pCifs
15.08105-16 | TRG ENGWESA013 OB/Z3115 1530 BI26/o015 | 9M/2015 | 1508405 | Uranium 234 EML U-02 Modified 114E+00 | 451E01 | AGBE-01 : 244E01 | 514E.03 £Cifs

CU=Counting Uncertainty;CSU=Combined Standard Uncertainty (2-sigma); MDA=Minimal Detected Activity;LCS=Laboratory Gontrol Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Duplicate Original; CV=Critical Value
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Report To: Work Order Datails:
Eberline Analytical Marsha Joseph SDG: 15'08105
. i __Auxier & Associates, Inc. Project:]  WESTLAKE
Final Report of Analysis 9821 Cogdiil Drive #1 Analysis Category: . ENVIRONMENTAL
Knoxville, TN 37932 Sample Matrix: AF
Lla; S;:‘]p}:;e C';;"t S;f:t': © RED‘;‘:E” A“Sj’t':'s 8?;““ Analyte Method Resut | CU csu MDA cv 'ﬁ']’i;”
150810501 |  LCS SPIKE 08/25/15 00:00 | 8/25/2015 | 9/4/2015 | 1508105 | Uranium-235 EML U-02 Maodified 406EC1 | 1801 | 183E01 | 1.46E01 | 162E02 eCirs
BLANK 08/28/15 00:00 8/25/2015 9/4/2015 15-08105 Uraniurn-235 EML U-02 Modified 1.89E-02 4.06E-02 4.08E-02 8.52F-02 3.84E-03 pCifs
ENGWESADC3 06/24/15 10:40 8/25/2015 9/4/2015 15-08105 Uranum-235 EML U-02 Modified 0.00E+00 2.91E-01 2.91E-01 6.30E-01 5.37E-03 pCifs
15-08105-04 TRG ENGWESADGT 06/24/15 12:15 B8/25/20158 9/4/2015 15-08105 Uranium-235 ) EML U-02 Modified 8.73E-02 1.89E-01 1.89E-01 3.73E-01 3.98E-02 pCifs
15-08105-05 TRG ENGWESAD(2 06/24/15 09:40 8/25/2015 8/4/2015 1 Uranium-235 EML L-02 Modified 4 36E-02 1.04E-01 1.05E-01 2.19E-01 9.88E-03 pCifs
15.08105-06 Do ENGWESADC3 OBI24/15 10:40 | 8/25/2015 | ©/4/2015 | 1 Uranium-235 EML U-02 Modified 103E01 | 247E01 | 247E01 | S5A7E01 | 233E-02 oCifs
15-08105-07 TRG ENGWESAQQ4 - 06/24{15 11:40 812520158 /412015 15-08105 uw_i.‘i!"anium—235 EML UJ-02 Modified 2 93E-01 2.56E-01 2.57E-01 2.93E-01 2.51E-03 pCifs
150810508 | TRG ENGWESAO0S 062315 10:30 | 8/25/2015 ¢ 9/4/2015 | 1508105 |  Uranium-235 EML U-02 Madified TZ8E01 | 162E-01 | 163E-01 | 225601 | 4.54E02 oCifs
150810600 | TRG ENGWESAQDS 06124115 13:00 | 6/25/2015 | 8/412015 | 15-08105 |  Uranium-235 EML U-02 Modified TAOEQ1 | 17BE01 | 178E-01 | 266E-01 | 3.28E-02 aCife
15.08105-10 | TRG ENGWESA0DT GOIZ315 038 | BIoBIA015 | Gi412015 | 1508105 | Uramium-235 EML U-02 Modified 201ECT | 28801 | 200E.01 | 244E01 | 9.66E.03 aCife
150810511 | TRG ENGWESAQDS 0612315 1125 | 8/252015 | 9/4/2015 | 1508106 | Uranium-235 EML U-02 Madified THIEQT | ZA1E01 | 241E-01 | 321E01 ¢ 2.75E-03 2Cils
15-08105-12 TRG ENGWESADQ9 06/23/15 13:26 8/25/2015 S/4/2015 15-08105 Uranium-235 EML U-02 Modified 2A40E-01 2.32E-01 2.33E-01 2.88E-01 2.46E-03 nCifs
15-08105-13 TRG ENGWESAQ10 {6/23/15 1410 8/25{2015 B14/2015 15-08105 Uranium-235 EML U-02 Modified 1.24E-01 2.10E-01 2.11E-01 3.71E-01 317ED3 pCils
150810514 | TRG ENGWESADT1 OB/23/15 08:50 | B/25/2015 | 9/4/2015 | 1508105 | Uranium-235 EML U-02 Modified T35E01 | 163E-01 | 164E-01 | 1.99E.01 | ©0.03E-03 aClis
15-08105-15 TRG ENGWESAQ12 {6/23/15 14:50 B8/25/2015 8/4/2015 15-08105 Uranium-235 EML U-02 Modified 5.89E-01 4.11E-01 4.14E-01 3.92E-01 3.35E-03 pCifs
150810516 | TRG ENGWESA0T3 OB/Z3/15 16:30 | /252016 | 942015 | 1508106 | Uranium-235 EML. L-02 Modified 301E01 | 263E-01 | 264E-01 | AOIE0T | 2.67E.03 aGile
50810501 | . LCS KNOWN 08/26/15 CO:00 | 812512015 | 9/4/2015 | 1508105 |  Uranium-238 EML U-02 Modified | 786E+0G | 2.83E-04 sClfs
15-08105-01 LCS SPIKE 08/26/15 00:00 B8/25/2015 B/4/2015 15-08105 Utanium-238 EML U-02 Modified 8.00E+0C 1.15E400 1.28E+00 B8.41E-02 1.12E-32 pCifs
15-08105-02 MBL BLANK 08/26/15 Q0:00 B/25/2015 014/2015 15-08105 Uranium-238 EML U-02 Modified 1.89E-02 4.73E-02 4.74E-02 9.86E-02 1T.51E-02 pCifs
15-08105-03 DUP ENGWESADD3 06/24/15 10:40 B25/12015 B14/2015 15-08105 {Jranium-238 EML U-02 Modified 1.33E+00 8.85E-01 6.92E-01 4.05E-01 3.45E-02 pCifs
15-087105-C4 TRG ENGWESAOO1 06/24/15 12:15 8/25/2015 /412015 15-08105 Uranium-238 EML U-02 Modified 1.40E+0C 5.70E-01 5.78E-01 3.01E-01 4.01E-02 pCifs
15-08105-05 TRG ENGWESAD02 06/24/15 09:40 B/25/2015 B14/2015 15-08105 Uranium-238 EML U-02 Modified 1.31E+00 4.96E-01 5.05E-01 2.54E-01 2.85E-03 pCifs
150810506 | DO ENGWESAQD3 06724715 10:40 | 81252015 | O/i2015 | 1508105 |  Uranium-238 EML U-02 Modified T48E+00 | TBSE01 | 702E01 | 417E0F | 24702 | pCie
15-08105-07 TRG ENGWESAD04 06/24/15 11:40 B/2B/2015 B14/2015 15-08105 Uranium-238 EML U-02 Modified 1.53E+00 5.16E-01 5.28E-01 1.65E-01 9.40E-03 pCU; .......
15-08105-08 TRG ENGWESAQ0S 06/23/15 10:30 8/25/2015 B/4/2015 15-08105 Uranium-238 EML U-02 Modified 5.9CE-01 3.07E-01 3.10E-01 2.00E-0% 2.21E-02 pCifs
150810509 ;| TRG ENGWESAQD6 T 082415 13:00 | B/25/2015 | 942015 | 1508105 | Uranium-238 EML U-02 Modified T4CE+00 | 473F-01 | 4B83E-01 | 226E01 | 381E02 pCifs
15-08105-10 | TRG ENGWESAQDT 06723115 0936 | B/25/2015 . S/4/2015 | 1508105 |  Uranium-238 EML U-02 Modified 130E+00 | 4BBE-01 | A4JSE-01 | 24BEOT | 2.79E.03 pClis
15-08105-11 TRG ENGWESADOS 06/23/15 11:25 8/25/2015 ©/4/2015 1508105 Uranium-238 EML U-02 Modified 41E+00 5.26E-01 5.35E-01 2.96E-01 5.18E-02 pCiis
15-08105-12 TRG ENGWESAD0S D6/23/15 13:26 B/25{2015 8/4/2015 1508105 Uranium-238 EML U-02 Modified .56E+00 4.22E-01 4.29E-01 2.19E-01 2.90E-02 pCifs
15-08105-13 TRG ENGWESAQOM0 06/23/115 14:10 8/25/2015 G/442015 15-08105 Uranium-238 EML 1J-02 WModified 1.28E+00 52701 5.35E-01 2.39E-01 204E-02 pCifs
15-08105-14 TRG ENGWESAO1T1 {06/23/15 08:59 8/25{2015 8/4/2015 1508105 Uranium-238 EML U-02 Modified 1.02E+00 4.11E-01 417E-01 2.02E£-01 2.23E-02 pCifs
15-08105-15 TRG ENGWESAO12 ”Eéf23.’15 14:50 8125/2015 9/4{2015 15-08105 Uranium-238 EML U-02 Modified 1.78E+Q0 6.49E-01 6.62£-01 3.48E-01 6.65E-02 pCifs.
15-081056-16 TRG ENGWESAO13 06/23/15 15:30 B8/25/2015 5/4/2015 15-08105 Uranfurm-238 EML U-02 Modified 1.54E+Q0 5.28E-01 5.40E-01 243281 2.73e-03 pCifs

CU=Counting Uncertainty;CSU=Combined $tandard Uncerfainty (2-sigma};MDA=Minimal Detected Activity;LCS=Laboratory Control Sample; MBL=Blank; DUP=Duplicate; TRG=Normal Sample; DO=Dugplicate Original; CV=Critical Value

EBERLINE ANALYTICAL CORPORATION
| 601 ScArRBORO Roab OaK RIDGE, TN 37830  865/48I-0683 FaXx 865/4L83-L62]
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ANALYTICAL STANDARD




R 0A/0C REVIEWED | CERTIFICATE OF CALIBRATION
| pate _LZ.U_’@_{ !nitialsﬂ ALPHA STANDARD SOLUTION

Radionuclide: U-238NAT Customer; TMA EBERLINE

Half Life: (4.468 + 0.005) x 10”9 years P.O.No.: OR2778

Catalog No.: 7338 Reference Date: Januvary 1 1995 12:00 PST.
Source No.: 479-50 Contained Radioactivity: (Total U) 8.016 uCi

Contained Radioactivity: (Total U) 297 kBq
Description of Solution

a. Mass of solution: 65.2806 g in a 50 m] flame sealed ampoule

b. Chemical form: Uranyl Nitrate in H20

¢. Carrier content: None

d. Density: Approximately 1.3202 ‘ g/l @ 20°C.
Radioimpurities Refer to attached technical data sheet
Radioactive Daughters :

Refer to attached technical data sheet

Radionuclide Concentration

(Total U) 0,1228 £Cifg.
Method of Calibration

Activity calculations are based upon known specific activity and mass.

Uncerteinty of Measurement

a. Systematic uncertainty in instrument calibration: +3.0%

b. Random uncertainty in assay: +0.0%

¢. Random uncertainty in weighing(s): 12.0%

d. Total uncertainty at the 9% confidence level: +3.6%
NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.

Leak Test(s)

See reverse side for Leak Tesi(s) applied to this source.
Notes

1. Nuclear data were taken from "Table of Radioactive Isotopes”, edited by Virginia S, Shirley, 1986.
2. IPL participates in an NIST measurement assurance program to establish and raintain implcit tracezbility for a number of nuclides,
based on the blind assay {and later NIST certification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

] | &l AULAS
QU}( Y CONTROL

22 D eMbel 1224
Date Signed

ISOTOPE PRODUCTS LABORATORIES
i ) S | 3017 N. San FErNANDO BLVD,
:1; sn‘ U"C *’-T ‘S BurBank, CaLIFORNIA 91504

818-843-7000 Fax 818-843-6168

LABDRATORIES,




) QUALITY CONTROL PROGRAM
EEBERLINE MP-009

SERVIGES

Rev.8; 11/61/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009
CURRENT DATE[ . 9/2/2014 0. 00
SOLUTION REFERENCE #{IPL:479-50: SOLUTION #| o0l Vi
Pnnci al Radionuclide Haif Life Years Half Llfe Days

[ -1.632E+12]

Radionuclide|: Reference Datel. 111995 0:00]

Certified Activity| 8.0
Certified Concentration | =0

= AuCi per gram
Ampoule /Solution Gross| .- - 97.6400|Weight, Grams
Empty Ampoule|.: . .32.5020|{Weight, Grams

Solution Net{ ~ '85.1380|Weight, Grams
Total Activity in Ampoule| - - 8.0160|uCi

Chemlcal Composltlon of Standard SD!utlon

Dilution Instructions: Dilution Solvent Used [IMHNO; -

Dilute to a volume of| = milliliters

Certified Total Activity of | '8.0160|uCi Which Equals | . 1.780E+07]dpm at the date listed above
_ . . _ This activity concentration is based on the original
And after dilution the activity of this solution is]. 1.77955E+04|dpmim}eference date listed above. All activities are corrected
’ to the date and time of analysis by the Iaboratory data
processing software.

Explration Date:|-  July 30, 2015 |

Verified & Approved By I\ g "‘“’\; " Date: 9/2/2014 0:00
]

QC Approval - ‘ i, " Date; q!]c.? lf ,C[’[




%g_ﬂ Lypye | QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date| -~ 9/2/2014 0:00
Solution Reference #[IPL478:60 =~ = "] Solution #j.. . W-Ba o
Prmm ai | Radnonuc!nde Half Llfe. Years Ha1f Life, Days
75, 235, 28| - I 1832E+12]
Radionuclide of Interest] 242528 Reference Datel " 1/1/1995 0:00]

Parent Solution Conc.|:1:7796E+04 | dpmiml

Chemical Composition of Standard Solutlon _
[Uranly Nitratein 1M HNO; o T

Dilution Instructions: Dilution Solvent Used [1MHNO;

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:]:.-..:4:0000 |mi
Total Activity:| * 7.1182E+04 jdpm Final Activity Concentration:] 7.1182E+01 |dpmimi
Final Volume:{ - ".1000.00iml

This activity concentration is based on the original
NOTES: reference date listed above. All activities are
T correcied to the date and time of analysis by the

lahoratory data processing software,
isotapic Distribution as:

1-238 Atom % = 48238 U-238 = 71.182 dpmymi X 0.48249 = 34.345 dpmimi
U-236 Atom % =226 U-235 = 71.182 dpm/mi X 0.0225 = 1.802 dpm/mi
234 Atomn % = 49,601 U-238 = 71.182 dpm/m) X 0.48501 = 36.238 dpmiml|
Al values +- 3.6%

Expiration Date:]_ July 30, 2016__|

isotoplc ratios from manufacturer's data sheet

Verified & Approved By Date: - 9/2/2014 0:00

Date: 9/3,/ 2
[ 17

QC Approval




Description

Measurement

Accuracy

Radionuclidic
Purity

Isotopic
Purity

Chemical
Composition

Physical
Data

Remarks

Appraoved
Signatory

PI‘O(fllCt Description & Measurement Certificate

Principal radionuclide:  uranium 232 (U-232)  Product code: UDP10050

Daughter Nuclide: Th-228 Batch Number: 92/232/67

Reference date: 01 March 2000

Radioactive concentration U-232 6.739E+03 becquerels per gram of solution
which is equivalent to 1.821E-01 microcuries per gram of solution

Miss of solution £ 35¢ gramus

Volume of sofution 5.03S millilitres

Total activity of U-232 3.61E+04 becquerels
which is equivalent to 9.76E-01 microcuries

Method of measurement (see reverse of this certificate)

Random uncertainty is: £ 0.7%  Systematic uncertainty: £ 0,5%

Overall uncertainty in the radioactive concentration quoted above: +1,7%
Overall uncertainty is defined on the reverse of this certificate.

Amny radicactive impurities measured are listed below, expressed as percentages
of the activity of the principle radionuclide at the referencs date .

Th-228 and daughter activity removed 2 Feb 2000
U-232 daughters activity will increase with tirne, By alpha 88% U-232, 12% daughters on 1/3/00

The isotopic composition, expressed as atom per cent at the reference date .

Not rzeasured

Calculated weight of U-232, 4.42E-08 grams, as 2M HNO3 solution in a flame sealed glass vial.
This Tracer solution has been produced 'carrier free'.

Recommended half lifs of uranium 232: 6.980F+01 years

Principle energies of alpha emissions (MeV): 5.263 31.7%, 5.320 68.0%

Branching ratio for alpha emission: 100%

Calculated specific activity of uranium 232: 8.167E-+05 Bq per microgram U-232,

For safety information and notes to ensure correct usage by all persons handling this radioactive Tracer
golution please read the instructions accompanying the package.

AEA Technology operates a quality management system which has been independently audited and
approved to ISO 9061,

Q‘r}q’\ WMM Project Ref. AE2315

Roger Wiltshire

Prepared and characterised in the UK, for world wide distribution by Isotrak, AEA Techuology, QSA.

Trkcert.wps 10/03/00 AEA Technnlogy is the irading name of AEA Technology plc




QUALITY CONTROL PROGRAM
MP-009

Rev.8; 11/01/03
Title: Radicactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009
‘ CURRENT DATE| -~ 11f1 1']2014-70:00
SOLUTION REFERENCE #[AEA/Amersham 92/232/67 ]  SOLUTION#| - - ~U-10 "0
Pl_-lnci al Radionuclide I-Ialf Llfe. Years Hah‘ Life Days
TR [ /2.630E+04]
Radionuclide]. Reference Date] """ +-3]1/2000.0: 00]

Certified Activity| 9 Teoisioé e

~ Certified Concentration} "*--: 7= "L InCi per gram
Ampoule /Solution Gross| ... |Weight, Grams
Empty Ampoute|. 0007 - IWeight, Grams
Solution Net| © - . {Weight, Grams

Total Activity in Ampoule| - -0.9760{pCi

Chemical Composutnqn of Standard Solution
PZ0(NO,)s in 2M HNO;

Dilution Instructions: Dilution Solvent Used [2M HNO;. -

Dilute to a volume of}, - 1000:00:": |milliliters

Certified Total Activity of]- - 0.8760jpCi Which Eguals | - -2.187E+08|dpm at the date listed above

. R ‘ This aciivity concentration is based on the original

And after dllution the activity of this solution is| 2.167E+03[dpm/ml reterence date listed above. All activities are corracted
to the date and time of analysis by the laboratory data
processing software.

Expiration Date:| November4, 2015 1

Verified & Approved Bj\[\. /—E Date: ____11/11/2014 0:00

QC Approval ( Date: Ii !i 3/1!-;(—




SERVICES MP-009

%Eaenu \ye | QUALITY CONTROL PROGRAM

Rev.8; 11/01/03
Title: Radloactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date| 1 1M1 112014 0100
Solution Reference #[AEA/Amersham 92/232/67 - | Solution #|:. - =10 50

Prmcl lal Radionuclide Half Life, Years Half Llfe, Days
i ¥ | [ 2.630E+04

Radionuclide of Interest| " = Reference Date}: " '3/1/2000 0:00 |

Parent Solution Cone.| -2

= dpmimi

Chemical Composition of Standard Suiutmn
FPUMO)ein ZMHNO; SRR

Dilution Instructions: ‘ Dilution Solvent Used [2MHNO;

SECONDARY VOLUMETRIC DILUTION

Voi. Parent Sclution:| -+ 10.0000]mi
Totat Activity:] 2 1670E+04|dpm Final Activity Concentration:] - 2.1870E+01{dpm/mI
Final Volume:| - ~-"1000.00{ml
This activity concentration is based on the original
NOTES: reference date listed above. All activities are

corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date)] November 4, 2015 |

\\" Date: 11/11/2014 0:00

Verffied & Approved By A

QC APPTOVEP%CF JUJJ“\“’J Date: it I fS/f‘f“
R 77

v )




CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radicnuclide: Th-232 Cuostomer: TMA. EBERLINE

Half Life: . (1.405+ 0.006) x 10710 years - P.O.No.: VH1632 .
Catdlog No.: . - 7232 Reference Date: - November 1 1993 12:00 BST.
Source No.: 435-104-2 Contained Radioactivity:  (Th-232) 0.0933 i,
Contained Radioactivity: (Th-232) 3.45 °  gmq.

Description of Solution : - - - - C

a. Mass of solution: 11.9712 g (iti a 10 ml flame sealed ampoule)

b. Chemical form: ' Th({NO3)4 in water '

c. Carrier content: _ ‘None added 7

d. Depsity: | ‘ ' Approx. 1.21 ' g/ml @ 20°C.
Radioimpurities - o : None detected (other than daughters). '
Radicactive Danghters

Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Po-212 TI1-208 .

Radicnuclide Concentration ‘ -
(Th-232) 0.00779 cL ACi/g.

Method of Calibration
Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement
a. Systematic uncertainty in instrument calibration: +3.0%
b, Random uncertainty in assay: +0.0%
c. Random uncertzinty in weighing(s): ' +2.0%
d. Total uncertainty at the 99% confidence level: +3.6%
NIST Traceability

This calibration is implicitly traceable to the Nat1ona! Institute of Standards and Technology.
Leak Test(s)
See reverse side for Leak Test(s) apphed to this source.
Notes

1. Nuclear data were taken from “TabIe of Radionetive Isotopes”, edited by Virginia 8. Shu'ley, 1986.
2. TPL participates in an NIST measurernen! assurance program to establish and maintain implicit traceability for a number of nurclides,
based on the blind assay (and lator NIST certifigation) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

QUALITY CONTROL

Nov.$, 19973
Date Signed

ISOTOPE PRODUCTS LLABORATORIES
1800 North Keystone Strest

Burbank, California 91504

(818) 843 - 7000




SERVICES

% QUALITY CONTROL PROGRAM

Rev.8: 1/19/03
Titte: Radioactive Reference Standards Solutions & Records
EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION
MP 009

CURRENT DATE;
SOLUTION #

SOLUTION REFERENCE #{IPL:435-104-

Half Llfe, Days

[Principal Radionuclide ' Half Life, Years
e 430E+12]

Radionuclide
Certified Activity pCi
Certified Concentration wCh per gram
Ampoule /Solution Gross 415{Weight, Grams
Empty Ampoule 06| Weight, Grams
Solution Net 19|Weight, Grams

Total Activity in Ampoule.-0.0033|uCi

Chemical Composition of tandarq

Dilution Solvent Used [19% Nitr

Dilution Instructions:

milliliters

Dilute to a volume of

'0.0838Cl Which Equals L. 2.071E+05]dpm at the date listed above

Certified Total Activity o}

= This activity concentration is based on the original
E+02 dpm,m' reference date listed above. All activities are correcied
1o the date and time of analysis by the laboratory data
processing software.

And after dilution the activity of this solution is|2.071

Expiration Date:| - August 28,2015 |

Verified & Approved By B )& Date: _9/2/2014 0:00

Date: ‘?!/E’I }‘!‘

QC Approval
- \__)

-



@ ERERLINE QUALITY C“?P!E:QOL PROGRAN

Rev.8; 1/10/03
Tille: Radioactive Reference Standards Solutions & Records.

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

Radionuclide of Interest] = 222429

2 Reference Date| . ©.11/1/1993 0:00 |
Parent Solution Cone. |2, - {dpm/ml

Chemical Com osmon of Standard Sotutlon _
Th(N03)4 n 1% HN03 " TR

Date} - OI22014- 0:00 )
Solution Referenc L S Solution #]. = Th-8b =
Principal Radienuclide Half L:fe, Years Half Life, Days
SRRy - 1.405E+10. b s 132E+12]

Dilution Instructions:

Dilution Solvent Used {1% Nitrig'Acid . 7 v

SECONDARY VOLUMETRIC DILUTION

corrected to the date and time of analysis hy the
laboratory data processing software.

Expiration Date:] August 28, 2015 |

Verified & Approved By/_m Date: 9122014 0:00

QC Approval e o 4 %\* Date: O;/_S’/ ///%

I y

Vol. Parent Sotution:|".500.0000 |m}
Total Activity:| '0355E+05 dpm " Final Activity Concentration:| . 1.0355E+02 |dpm/ml
Final Volume; | = tml
This activity congentration is based on the original
NOTES: ‘ reference date listed above. All activifies are




Half Life: {7.54 £+ 0.03) x 10°4 years P.O.No.: TT4944

Catalog No.: 7230 Reference Date: November 1 1991 12:00 PST.
Source No.: 388-1106 Contained Radicactivity: 1.036 £CL
Description of Solution ‘ .

a. Mass of solution: 5.0042

b. Chemical form: Th(NO3)4 in 0.IN HNO3 g

¢. Carrier content: None added

d. Density: 1.0016 gram/ml @ 20°C.
Radicimpurities

See aftached technical data sheel

Radioactive Daughters
See attached technical data sheet

Radionuclide Concentration
0.207 pCi/gram.
Method of Calibration

Weighed aliquots of the solution were assayed using a liquid scinfillation counter.

Uncertainty - of Measurement

a. Systematic upcertainty in instrument calibration; +2.0%
b. Random uncertainty in assay: +0.5%
¢. Random unceriainty in weighing(s): +0.2%
d. Total uncertainty at the 99% confidence level: +2.7%

NIST Traceability
This calibration is implicitly traceable to the National Institute of Standards and Technology,
Notes ) :
1. Nuclear data were taken from "Table of Isotopes”, Seventh Edition, edited by Virginia S. Shidey.
2. IPL panticipates in an NIST measurement assurance program to establish and maintain implicit
traceability for a number of nuclides, based on the blind assay(and later NIST certification) of
Standard Reference Materials. (As in NRC Regulatory Guide 4.15) '

ISOTOPE PRODUCTS LABORATORIES
1800 No. Keystone Sireet.,

Burbank, California 91504

(818) 843 - 7000




& QUALITY CONTROL PROGRAM
ERERLINE | MP-009 '

Rev.14: 10/10/2012
Tite: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009
CURRENT DATE{ _~4/15/2015 0:00
SOLUTION REFERENCE #[/PL 386116 ... .| SOLUTION#[~ - - Th-1 . '
Principal Radionuclide Half Life, Yoars ) Half Life, Days
M U -7.540E+04] L 2.754E+07)
Radionuclide| ““ Thorium Reference Date| " " 11/1/1991 0:00|

Certified Activity| “1.036E+00{uCi
Cettified Concentration| - - . " |uCi per gram

Ampoule /Solution Gross| =~ . 9.2660|Weight, Grams
Empty Ampoule] - 4.6218|Weight, Grams
Solution Net{ ' 4.6442{Weight, Grams

Total Activity in Ampoule| - - 1.0360|uCi

Chemical Composition of Standard Solution

FPTh(NOg)s h OANHNG, -+

— T
Dilution Instructions: Dilution Solvent Used OANHNQy v i
Ditute to a vofume of| - ~imiliiliters
Certified Total Activity of|  ~ 1.0360|pCli Which Equals | 2.300E+06|dpm at the date listed above

This activity concentration is based on the original
And after dilution the activity of this solution is |- 2.300E+03|dpm/ml  reference date listed above. All activities are corrected
to the date and fime of analysis by the laboratory data
processing software.

Expiration Date:| February 12, 2016 |

R

Recertified By N Date: 4/15/2015 0:00

QC Approval @j@w Date: 4‘/!5[ 5
1




QUALITY CONTROL PROGRAM
MP-008

Rev.14; 10M10/2012
Title: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Datej - 4/15/2015 0:00
Solution Reference #{IPL388-116 . . | Solution #° . - Th-1b i

EPrmci ‘al Radionuclide Half L[fe, Years HalflLife, Days
.‘ - [ 2.754E+07]

Radionuclide of Interest]’ Reference Date| - -11/1/1991 0:00/

Parent Solution Cone.|

T2 30E+03 . |dpmiml

Chemical Composition of Standard Solutlon
PITH(NO), in 04N HNOg "+ -7

Dilution Instructions: Dilution Soivent Used : |O;‘.‘{N.-HNQQ:..;j,-‘_‘_js ST

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Sofution:| -~ * 10,0000)ml
Total Activity:| 2.2099E+04{dpm Final Activity Concentration:{ ~ 2.2099E+01 ldpmiml
Final Volume:| -~ ~1000.00iml
This activity concentration is based on the original
NOTES: reference date listed above. All activities are

corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:| February 12, 2016 ]

Recemfuem/\\g . Date:  4/15/2015 0:00
QC Approval AD/W;) Date: ‘6//5’/5
I/




m 24937 Av Tibbitt 7;‘/8
:_ |50t0pe PrOdUCtS Valencia,zgt;?or:mia19$355

Laboratories
: : Tel 661+309+1010
An Eckert & Ziegler Company Fax 661-257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide:  Th-229 Customer: EBERLINE SERVICES

Half-life: 7340 % 160 years P.O. Nou 00009633

Catalog No.: 7229 Reference Date: 15-Jan-02 12:00 PST

Source No.: 867-54 Contained Radioactivity: 1.013 nCi 37.48 kBg

(Th—229 only)

Physical Description:

A. Mass of solution; 5.0147 gin 5 mlL flame-sealed ampoule
B. Chemical form: Th{NOz}, in 0.1M HNO;

C. Carrier content: 101g ThimL

D. Density: , 1.0016 g/mL @ 20°C.

Radioimpurities:
None detected (daughters in equilibrium)
Radionuckide Concentration: 0.2020 uCilg, 7474  kBglg
Method of Calibration:
This scurce was prepared from a weighed aliquot of solution whose activity in HCifg was determined
using gamma ray spectrometry.
Peak energy used for integration: 193.5 keV

Branching ratio used: 0.0441 gammas per decay

Uncertainty of Measurement:

A. Type A (random) uncertainty: + 07 %
B. Type B (systematic) uncertainty: + 3.0%
C. Uncertainty in aliquot weighing: + 00%
D. Total uncertainty at the 99% confidence level:  31%

Notes:

- See reverse side for leak test(s) perfarmed on this source.

- IPL participates in a NIST measurement assurance program to establish and maintain implicit traceabitity
for & number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from IAEA Technical Report Series No. 261.

- This solution has a warking life of 5 years,

4/\’__, 2 _’Jf/hm 9- Joan-02
" Quality Control ~ Date Signed IPL Ref. No.: 867-54
IS0 9001 CERTIFIED
Medical Imaging Laboratory Industrial Gauging Laboratory

24937 Avenue Tibbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, Califernia 91504




MP-009

Rev.8; 1/10/03
Title: Radloactive Reference Standards Solutions & Records

& = QUALITY CONTROL PROGRAM

MP 009

SOLUTION REFERENCE #!{|PL '867-54:

CURRENT DATE|
o] SOLUTION # o

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

57272014 0:00
TTh:8

Principal Radionuclide Half Life, Years

Chemical Composition of Standard Solution
[ZETh(NO)s In0.AM HNO

Reference Date]

Half L!fe, Days
[ ~2.681E+08]

52002 0:00)

Radionuclide
Certified Activity )
Certified Concentration] 7.7 22| uCi per gram
Ampoule /Sclution Gross| - = :8.7752|Weight, Grams
Empty Ampoule| . *3.7591|Weight, Grams
Solution Net| .~ 7 '5.0161|Weight, Grams
Total Activity in Ampoule| " 1.0130|uCi

Dilution Instructions:

= milliliters

Dilute to a volume of| .-

Ditution Solvent Used

[0:: M HINO;

Certified Total Activity of[ - - 1.0130]uCi Which Equals [

-2.249E+06]dpm at the date listed above

And after dilution the activity of this solution is{ 2.249E+03{dpm/mi

Verified & Approved By

QC Approval

This activity concentration Is based on the original
reference date listed above. All activities are corrected
to the date and time of analysis by the laboratory data
processing software.

Expiration Date:|. August 28, 2015 _ |

9/2/2014 0:00

9z
I f

Date:

Date:

-




: QUALITY CONTROL PROGRANM
%E—Bﬁ%.sﬁ MP-008

Rev,7; 9/20/89
THle: Radioactive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP- 009 Date] -~ 8/2/2014-0.00
Solution Referenee #]IPL:BB7-54 R Solution #} 5 Thd8a il

Prinmpal Rad:onucltde Haif Llfe. Years Half Life, Days
P 7.340E¥ e 2 081E06 |

Radionuclide of Interes /1512002 0:00

Parent Sojution Conc. |

Reference Date

Chemigal Compcsltmn of Standard Solutton S

corrected to the date and time of analysis by the
iaboratory data procassing software.

Expiration Date:] August 28, 2016 |

Date: 9/2/2014 0:00

Date: | 7/3//5‘{
A

]TH{NO3)4 i 0. 1M HNO;g
Dilution Instructions: Dilution Solvent Used O AMHNOG e B
SECONDARY VOLUMETRIC DILUTION
Vol Parent-Solution:{ " :.10:0000 {ml
Total Activity:| 2.2490E+04|dpm Final Activity Goncentration:[ . 2.2400E+01 |dpm/mi
Final Volume:|:..: = 1000.00imi
This activity concentration is based on the original
NOTES: reference date listed above. All activities are




-— ‘A8 SOOWUOS YNY

1380 Seaboard Industrial Blvd.
Atlanta, Georgia 30318

Tel 404-352-8677

Fax 4043522837

é Eckert & Ziegler

An a IytiCS www.analyticsinc.com
CERTIFICATE OF CALIBRATION
Standard Radionuclide Source (4 AF -1+
98505 LPGAF -4
47 mm Diameter Simnulated Filter in Falgon Petri

Customer: Eberline Analytical Corporation
P.0O, No.: OR-1408030, tem 8 Product Code; 8401-GF-FP
Reference Date: 01-O¢t-2014 12:00 PM EST Grams of Master Sonrce: 0.0018731

This standard radionuclide source was prepared using aliquots measured gravimetrically from master
radionuclide solutions. Additional radionuclides were added gravimetrically from solutions calibrated by
gamma-ray spectrometry, ionization chamber, or liquid scintillation counting. Calibration and purity were
checked using a germaninom gamma spectrometer system. At the time of calibration no interfering gamma-
ray emitting impurities were detected. The gamma-ray emission rates for the most intense gamma-ray lines
are given. Eckert & Ziegler Analytics (EZA) maintains traceability to the National Institute of Standards and
Technology through a Measurements Assurance Program as described in USNRC Regulatory Guide 4.15,
Revision 2, July 2007, and compliance with ANSI N42.22-1995, "Traceability of Radioactive Sources to NIST."
EZA is accredited by the Health Physics Society (HPS) for the production of NIST-fraceable sources, and this
source was produced in accordance with the HPS accreditation requirements. Customers may report any
concerns with the accreditation program to the BPS Secretariat, 1313 Dolley Madison Blvd., Ste. 402, MclLeasn,
VA 22101.

Master Uncertainty® |, %
Gamma-Ray  Half-Life, Source* This Source Type Calibration
Nuclide Energy (keV) Days yps/gram Yps vy uy U Method*
Am-241 59.5 1.B80E+05 1.942E+02 0.1 1.8 3.8 4n LS
Cd-10% 88.0 4,814E+02 1.663E+05  2.781E+03 05 2.0 4.1 HPGe
Co-57 122.1 2.717TE+02 8.913E+04 1.490E+02 04 17 35 HPGe
Ce-138 185.9 1.376E+02 1,241E+05  2.07BE+(2 0.4 17 358 HPGe
Hg-203 279.2 4,659E+01 2.678E+08  4.4T3E+02 03 17 358 HPGe
Sn-113 391.7 1.151E+02 1.796E+05 3.004E+02 04 1.9 3.9 HPGe
Cs-137 661.7 1.088E+04 1.111E+08 1.857E+02 0.1 18 40 HPGe
Y-86 898.0 1.066E+02 4.223E+05 71.061E+02 0.7 1.7 3.7 HPGe
Co-80 1173.2 1.928E+03 2.081E+05 3.497E+02 0.7 1.8 39 HPGe
Co-80 1332.5 1.925E+03 2.094E+05  3.502E+02 0.7 1.8 39 HPGe
Y-88 1836.1 1.066E+02 - 4 471E+05  7.47BE+02 0.7 LT 3.7 HPGe

* Master Source refers to Analytics' 8-isotope mixture which is calibrated guarterly.

Galibration Methods: 411 I3 - 4 pi Licmid Scintillation Counting, HPGe - High Parity Germanium Gamma-Ray Spectrometer, IC -
Iorization Chamber. Uncertainty: U - Relative expanded uncertainty, k = 2. See NIST Technical Note 1297, "Guidelines for
Evaluating and Expressing the Uncertainty of NIST Measurement Results,”

{Cenrtificate continued on reverse side)

MGS Certificats Rev 7, 11 September 2014
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SECTION VI

QUALITY CONTROL SAMPLE RESULTS SUMMARY




Eberline Services

Printed: 9/4/2015 2:44 PM

Analysis Control Chart Page 1 of 2
WO Analysis Run Activity Units ‘Aliquot Units Client Name
15-08105 UUISO 1 pCi s Auxier & Associates, Inc.

Laboratory Control Sample
T

| a
1L.CS csu LCS Uncert. Known Standard Standard :  Standard Standard
Analyte Measured Measured Expected Expected Knawn Error Result csu 1D ACT (dpm) Error Added (g)
U-234 96.88% 16.11% 4100.00% : 3.60% 8.07E+00 | 2.90E-01 | 7.82E+00 | 1.26E+00 U-8a 3.52E+01 | 3.60E+00 : 5.08E-01
4238 101.71% 16.05% 100.00% 3.60% 7.86E+00 ; 2.83E-01 i 8.00E+00 | 1.28E+00 U-8a 3.44E+01 | 3.60E+00 | 5.08E-01
Matrix Spike
|
Anal Normalized MS Actual Expected Expected Actual Actual Sample Sample Sample * Standard Standard Standard Standard
nalyte Difference % Rec M5 Result MS Uncert MS Result MS CSU Restilt csu Aliquat D ACT (dpm) Error % Added (g}
Replicate Sample QC Summary
Normalized Original Original Replicate Replicate LCS Relafive o o
Analyte Difference RPD Result oSy Result osu Bias LCS %R M5 %R MS ND Rep RPD Rep ND
u-234 1.34 55.66 1.61E+00 | 8.47E-01 9.07E-01 5.70E-01 0.97 OK NA OK
U-238 0.29 11.10 1.48E+00 | 7.92E-01 1.33E+00 | 6.92E-01 1.02 OK OK OK
U-235 0.53 200.00 1.03E-01 ‘ 2.47E-01 0.00E+00 | 2.91E-01 OK OK oK

Versicn




Eberline Services

Printed: 9/4/2015 2:44 PM

Analysis Control Chart Page 2 of 2
W0 B Analysis Run Activity Units Aliquot Units Client Name
15-08105 UUISO 1 pCi s Auxier & Associates, Inc.
LCS % Recovery Replicate Sample RPD
130.00 -
___________ 40.00 - -
120.00 4
T 35.00 4 — e o — S Y m— — A S — — — — —
110,00 3000 +
100.00 1 26.00
20.00 4
2000 +
15.00 1
B0.0M0 J-
——————————— 1000 1+
70.00 U234 U-238 500
| = Lower Error a7 82.07 om0
= Upper Eror 116.58 12138 U234 U238 U235
e %R 96.88 101.71 — Lower Error 7134 14.04 72299
e —LOL 75 75 "2 Upper Emor 39.99 817 522,09
— Mean 100 100 e ReD 5566 1140 200,00
g 125 125 EE— 35 36 35
Normalized Difference
350 No Matrix Spike
3.00
2.50
2.00
1.50
1.00 4
0.50
0.00
LCS ND REP ND MS ND
U-234 .00 1.34 0.00
——u=zzs 0.00 0.29 0.00
= 0o 0.00 000
—— A 3 3 3

Varsien




Eberline Services
Analysis Control Chart

Printed: 9/8/2015 8:10 AM
Page 1 of 2

WO

15-08105

Analysis

Run

Activity Units

Aliguot Units

Client Name

ThISO

pCi

S

Auxier & Associates, Inc.

Laboratory Control Sample

S WS S, e | o | e | e | e | e
TH-228 112.49% | 18.50% | 100.00% . 3.60% | 4.79E+00 | 1.72E-01 | 5.39E+00 | 9.97E-01 | Th-8b  1.04E+02 | 3.60E+00 | 1.03E-01
TH-230 115.51% 19.83% 100.00% 2.70% 5.34E+00 1.44E-01 5.17E+DUM 1.22E+00 Th-1b 2.35E+01 2.70E+00 5.04E-01
TH-232 112.02% 18.20% 100.00% 3.;5;]% . ‘ 4.79E+00 % 1.7;'-215-01 5.37E+00 ‘ 9.77E-l;1 Th-8b 1.0;‘E+02 3.60E+00 1.03E-01
Matrix Spike
Anaiyte : Normalized | S Actual Expected Expected Actual Actual Sample Sample [ Sample Standard Standard Standard Standard
Difference % Rec MS Resuft MS Uncert MS Result MS CcsU Result U Aliquot > ACY fdpm} Error % Added (g}
Replicate Sample QC Summary
Analyte Normaized RPD Original Orlginal Replicate | Replicate | L.CS Relative |y c5 951 MS % R MS ND RepRPD | RepND
TH-228 0.74 55.34 : 414E-01 | 3.68E-01 | 2.34E-01 @ 3.00E-01 1.12 oK NA oK
777;;{_-230 0.11 7.24 3.47E-01 | 2.95E-01 3;23E-01 3.43E-01 1.16 OK NA OK
TH-232 1.13 145.33 2.9‘2E-02 1.22E-01 1.84E-01 2.40E-01 1.12 QK NA oK

Version




Eberline Services

Printed; 9/8/2015 8:10 AM

Analysis Controi Chart Page 2 of 2
WO Analysis Run Activity Units Aliguot Units
15-08105 ThiSO 1 pCi s Auxier & Associates, Inc.
LCS % Recovery Replicate Sample RPD
130,00
T p— e i e - — — a CL 40,00 -
12000
38.00 4 e — — — AL — — — — —— T p—
110.00 1 *
30.60 1
100.00 4 _‘- 25,00
90,00 + - A 2000 +
15.00
80.00 4
—t —— —— —— — ot — — — —— = |CL 10,00 T
70,00 I
TH-228 TH-23D TH-232 5.00 1
—  Lower Emor 90.39 92.98 9021 o0
- Upper Error 134,60 138.04° 13382 TH-228 TH-230 TH232
. %R 112.48 11551 1202 —  Lower Error 83.88 10.52 268.43
— —LCL 75 R 75 "= UpperError 26.83 3,96 22.23
Mean 100 100 100 ¢ RPD 55.34 724 145.33
— —uct 125 125 125 ——) 36 5 35

Normalized Difference

3.50

3.00

250

2.00

1.80 —

1.00 -

i L ~

0.60

LCS ND REP ND MS ND

—— T|-226 Q.00 Q.74 0.00
—1TH-230 0.00 011 0.00
— CL 3 3 3

No Matrix Spike

ol

Version




Eberline Services Printed: 8/31/2015 7:40 AM

Analysis Control Chart Page 1 of 2
W Analysis Run Activity Units Aliquot Units ' Client Name
15-08105 Gamma 1 pCi S Auxier & Associates, Inc.

Laboratory Control Sample

Analyte Meswad | Momwud | Expetsd | Bpeewd | KPWM | 'gpop | Resu csu TR otim | mor | Adda)
CO-60 112.53% 12.84% 100.00% 4.00% 9.82E+03 | 3.93E+02 1.11E+04 - 1.42E+03 GAF-13 9.82E+03 3.93E+02 | 1.00E+00
CS-137 109.23% 16.09% 100.00% 4.00% 6.23E+03 249E+02 6.81E+03 | 1.10E+03 GAF-13 | 6.23E+03 | 2.48E+02 | 1.00E+00

Matrix Spike
Anatyte iy VeRo | WaResut | Mauncert | MSRams | wscsu | et | Stople | Sample | St | Serer | Saevest | e
Replicate Sample QC Summary

Anatyte Hormatized RPD Originat Orginal Roplicste | Repicate | LCSPole | 1eswur MS % R MS ND RepRPD | RepND
BE-7 1.61 14.09 2.2§E+93 2.78E+02 | 2.60E+03 3.10E+02 113 OK <CS5-137 BE-T> NA
K-40 0.33 17.20 3.35E+01 2.62E+0; | -?;..93E+01 2.65E+01 1.09 OK w;hCO-GO K-40> NA OK
PB-210 0.83 - 850 | 381 E+02 | 5.47E+01 | 4.15E+02 | 5.81E+01 PB-210> NA OK

Version




Eberline Services

Printed: 8/31/2015 7:40 AM

Analysis Contro} Chart Page 2 of 2
WO Analysis _Run Activity Units Aliguot Units Client Name o
15-08105 Gamma 1 pCi s Auxier & Associates, Inc.
LCS % Recovery Replicate Sample RPD
130.00 -
__________ 40.00
120.00 4
35.00 4 — s e v e S S E— A e e m— — —
110.00 4 -+ 30.00 1
T00.00 1 25.00 4
il
20,00 | 1 20.00 1
15.00
80.00 4 :
___________ 16.00 +
E
70.00
CO-B0 Cs-137 5.00
—  Lower Error 95.69 80.14 -
—  Upper Ercor 128.37 129.31 BE-7 K-40 PB-210
* %R 112.53 102.23 —  Lower Error 14.84 23.38 9.10
e e | CL 75 75 —  Upper Error 13.24 11.03 7.80
Mean 100 100 + RPD 14.08 17.20 850
= UCL 125 125 [— 35 35 35
Normalized Difference
350 No Matrix Spike
3.00
250
2.00
E 0 R —— - -
1.00
0.50
0.00
LCS ND REP ND MS ND
— (-5 0.00 1.61 0.00
1 GS-137 0.00 033 0.00
— N " n.00 0.00 0.00
| JCL 3 3 3

Version
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Page 1of 1

& EBER

LINE

SERVICES

Oak Ridge Laboratory Internal Work Order
601 Scarboro Rd.

Oak Ridge, TN 37830

Analysis Code

wid
. Voice: 865.481.0633
Work Order Analysis Notes ; g
www.eberlineservices.com Run Numbsr 1
Date Dept User K Notes
09/02/15 08:58 PREP JWOLFE DISSOLVED SAMPLES WITH HF AND DRIED SAMPLES DOWN- ADDED MIXED ACIDS AND TOOK

SAMPLES TC DRYNESS- ADDED HNO3 AND WATER TC REDISSCLVE SAMPLES AND CENTRIFUGED-
DILUTED- ALIQUCTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED SAMPLES

DOWN AND SUBMITTED SAMPLES TO SEPARATIONS

ool

Glalis




Printed: 8/3/2015 4:30 PM

Page 1 of 1

S EBERLINE

SERVICES
¥

Work Order Analysis Notes

Oak Ridge Laboratory itesnal Wark Ordor 15-08105

601 Scarboro Rd. .
_UUIso

Oak Ridge, TN 37830 Analysis Code
Voice: 865.481.0683 - .
www.eberlineservices.com Aun Number 1

Date Dept User

Notes

-

08/02/15 08:58 PREP JWOLFE

DISSOLVED SAMPLES WITH HF AND DRIED SAMPLES DOWN- ADDED MIXED ACIDS AND TOOK
SAMPLES TO DRYNESS- ADDED HNO3 AND WATER TC REDISSCLVE SAMPLES AND CENTRIFUGED-
DILUTED- ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED SAMPLES
DOWN AND SUBMITTED SAMPLES TO SEPARATIONS

08/03/15 16:30 CHEM JDEMELAS

Added concentrated HC! to sample beakers and heated to dryness; Added 20 mi 8N HCL to samples and
transferred to new, Jabeled C-Tubes, rinsing with 8N HCI to bring volume to ~35 mi; Preconditioned resin
columnsg with 35 ml 8N HCI; Centrifuged sampies and icaded onto columns; Rinsed C-Tubes with 20 mi 8N
HCI, centrifuged as needed and loaded onte columns; Rinsed columns with 35 mi 8N HCI — 0.4N NH4I, 35 m}
of 8.5N HCI — 0.04N HF, and 10 ml of 6.5N HCI; Eluted Uranium with 50 ml of 0.5N HCl into clean, labeled 100
ml beakers; Dried-down samples on hotplate; Dissolved samples in ~10 mi of concentrated HCH Transferred to
new, labeled C-Tubes with DI H20. Set samples aside for later precipitation and filtering.




Printed: 9/4/2015 5:08 AM Page 1 of 1

: Oak Ridge Laboratory
EBERLINE 601 Scarboro Rd.

Internal Work Order 1 5_08 1 05 ‘r

i
H
SERVICES Oak Ridge, TN 37830 l R [
. lysis Code
wWork Order Analysis Notes wﬂce: Essl:421‘°‘5.83 P UUISO e ‘
W, eberiineservices.com E Run Number 1
Date Dept User Notes )
09/02/15 08:58 | PREP JWOLFE DISSOLVED SAMPLES WITH HFE AND DRIED SAMPLES DOWN- ADDED MIXED ACIDS AND TOCK

SAMPLES TO DRYNESS- ADDED HNO3 AND WATER TO REDISSOLVE SAMPLES AND CENTRIFUGED-
DILUTED- ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED SAMPLES
DOWN AND SUBMITTED SAMPLES TO SEPARATICNS

09/03/15 16:30 CHEM JDEMELAS Added concentrated HCl to sampie beakers and heated to dryness; Added 20 ml 8N HCL to samples and
transferred to new, labeled C-Tubes, ringing with 8N HCI to bring volume to ~35 ml; Preconditioned resin
cotumns with 35 ml 8N KCI; Centrifuged samples and loaded onto columns; Rinsed C-Tubes with 20 mi 8N
HCl, centrifuged as needed and loaded onto columns; Rinsed columns with 35 ml 8N HCI - 0.1N NH41, 35 ml
of 8.5N HCI — 0.04N HF, and 10 mil of 6.5N HCI; Eluted Uranium with 50 ml of 0.5N HCl into clean, {abeled 100
m! heakers; Dried-down samples on holplate; Dissolved samples in ~10 ml of concentrated HCI, Transferred to
new, labeled C-Tubes with DI H2O. Sef samples aside for later precipitation and filtering.

09/04/15 05.07 CHEM TSWITH Followed steps 12.1.7 to 12.4.5 in AP-005 . { Precipitated and filtered samples for Uranium )

G) Aft ("
w4




Ebertine Analytical

Printed: 9/4/20315 5:12 AM

Qak Ridge Laboratory Page 1 of 1
T ~ internal work Order
@ EBERLINE 15-08105
7 SERVICES Analysis Code Run
Reagents Used in an Analysis UUISO 1
Reagent Reagent Reagent Analyst Da“ée
i, Name Concentration D ' Recorded
| 016253p Hydrofiuoric Acid ~ Reagent Grade . JWOLFE 9/2/2015
T T R T
016158P Perchioric Acid Reagent Grade JWOLFE 9/2/2015 ¢
015490P Sulfuric Acid Reagent Grade | JWOLFE 19/2/2015
016740P Anion Exchange Resin Reagent Grade JDEMELAS | 9/3/2015
016232012 Hydrochloric Acid 0.5N JDEMELAS 9/3/2015
016128P Hydrochloric Acid Reagent Grade IDEMELAS 9/3/2015
0167725 Hydrochloric Acid 8N JDEMELAS | 9/3/2015
0167955 HCI - NH4l 8N - 0.1M * JDEMELAS 9/3/2015
0167575 HCI - HF 6.5N - 0.04N IDEMELAS 9/3/2015 |
016710S Hydrochloric Acid 6.5N IDEMELAS | 9/3/2015
0165835 Neodymium Carrier 1 mg/mi TSMITH 9/4/2015
016514P Reagent Alcohol Reagent Grade TSMITH 9/4/2015
016606P Titanous Chloride Reagent Grade TSMITH 9/4/2015
016569P Hydroftuoric Acid Reagent Grade TSMITH 9/4/2015 -
0167545 Carbon substrate Solution TSMITH . 9/4/2015
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ISO-TH NOTES



Printed: 9/2/20115 8:58 AM

Page 1of 1

EBERLINE

SERVICES

Work Order Analysis Notes

Oak Ridge Laboratory Iternal Work Order 15-08105
601 Scarboro Rd.
Oak Ridge, TN 37830 Analysis Code ThiSO

Voice: 865.481.0683

www.eberlineservices.com B Number 1
Date Dept User MNotes
09/02/15 08:58 PREP JWOLFE DISSOLVED SAMPLES WITH HF AND DRIEDR SAMPLES DOWN- ADDED MIXED ACIDS AND TOOK

SAMPLES TC DRYNESS- ADDED HNO3 AND WATER TO REDISSOLVE SAMPLES AND CENTRIFUGED-
DILUTED- ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED SAMPLES
DOWN AND SUBMITTED SAMPLES TO SEPARATIONS

gRls




Printed: 9/3/2015 4:31 PM Page 1 of 1

Oak Ridge Laboratory Internal Work Crder 1 5_081 05

EBERLINE 601 Scarboro Rd.

) SERVICES Qak Ridge, TN 37830 Analysi

h ysis Code
Work Order Analysis Notes Voice: 865.481,0683 Thlso
www.eberlineservices.com Run Number 1
Date Dept User . Notes
09/02/15 08:58 PREP JWOLFE DISSOLVED SAMPLES WITH HF AND DRIED SAMPLES DOWN- ADDED MIXED ACIDS AND TGOK

SAMPLES TO DRYNESS- ADDED HNO3 AND WATER TO REDISSOLVE SAMPLES AND CENTRIFUGED-
DILUTED- ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED SAMPLES
DOWN AND SUBMITTED SAMPLES TC SEPARATIONS

09/03/15 16:31 CHEM JDEMELAS Added concentrated HNO3 to sample beakers and heated to dryness; Added 20 mi 8N HNO3 to samples and
ransferred to new, labeled C-Tubes, agdding 8N HNO2 {o bring volume to ~35 ml; Preconditioned resin
columns with 50 ml 8N HNQ3; Centrifuged samples as needed, and passed through columns; Rinsed C-Tubes
with 20 mi 8N HNO3; Centrifuged rinsates and loaded onto columns; Rinsed columns with 40 ml 8N HNOS;
Eluted Thorium with 50 ml of 8N HCl into clean, labeled 100-m! beakers; Dried-down samples on hotplate;
Dissolved samples in ~10 ml of concentrated HCI, Transferred to new, labeled C-Tubes with delononized
water,_bringing volume 1o ~15ml. Set samples aside for laier precipiiaiion and filtering.




Printed: 9/4/2015 5:11 AM : Page 1 of 1

Oak Rldge Laboratory internal Work Order 1 5_081 05
SJEBERLINE 601 Scarboro Rd. R
(7 SERYVICES Oak Ridge, TN 37830 Anelysis Code
Work Order Analysis Notes Voice: :65l:468$1.06_83 : ThISO
www .eberlineservices.com Fun Number 1
# Date . . Dept User ) ) Notes
1 08/02/1508:58 PREP JWOLFE DISSOLVED SAMPLES WITH HF AND DRIED SAMPLES DOWN- ADDED MIXED ACIDS AND TOOK

SAMPLES TC DRYNESS- ADDED HNO3 AND WATER TO REDISSOLVE SAMPLES AND CENTRIFUGED-
DILUTED- ALIQUOTED FROM DILUTIONS AND ADDED SPIKES AND TRACERS- DRIED SAMPLES
DOWN AND SUBMITTED SAMPLES TO SEPARATIONS

2 09/031516:31 CHEM JDEMELAS Added concentrated HNO3 to sample beakers and heated to dryness; Added 20 ml 8N HNO3 to samples and
transferred to new, labeled C-Tubes, adding 8N HNO3 to bring velume to ~35 ni; Preconditionad resin
columns with 50 mi 8N HNO3; Centrifuged samples as needed, and passed through columns,; Rinsed C-Tubes
with 20 ml 8N RNO3; Centrifuged rinsates and loaded onto columns; Rinsed columns with 40 mi 8N HNO3;
Eluted Thorium with 50 ml of 8N HC! info clgan, labsied 100-mi beakers; Dried-down samples on hotplate;
Dissoived samples in ~10 mi of concentrated HCI; Transferred to new, labeled C-Tubes with geiononized
water, bringing volume to ~15ml. Set samples aside for later precipitation and filtering.

3 09/04/15 0510 CHEM TSMITH Followed steps 12.2.4 to 12.4.5 in AP-005 . ( Preicpitated and filtered samgles for Thorium )

@ _/vi.xfi (

v




Eberiine Analytical

Printed: 9/4/2015 5:12 AM

Qak Ridge Laberatory Pagelof 1
Internal Work Order
SERVICES ~ Analysls Code Run j
Reagents Used in an Analysis ThISO 1
Reagent Reagent ‘Reagent  amalyst | Date
1D Name Concentration ' i Recorded
T i e
016158P Perchloric Acid Reagent Grade | IWOLFE  9/2/2015
015490P Sulfuric Acid Reagent Grade JWOLFE 9/2/2015 |
016519P Nitric Acid Reagent Grade JWOLFE 9/2/2015 |
016128P Hydrochloric Acid Reagent Grade JDEMELAS 9/3/2015
016740P Anion Exchange Resin Reagent Grade JDEMELAS - 9/3/2015
016519P Nitric Acid Reagent Grade  JDEMELAS 9/3/2015 |
0167905 Hydrochloric Acid BN ~ IDEMELAS. 9/3/2015
0167775 Nitric Acid 8N . IDEMELAS . 9/3/2015 |
016557S Cerrlum Carrier 0.1mg/ml . TSMITH 9/4/2015
016514P Reagent Alcohol Reagent Grade TSMITH 9/4/2015
016569P Hydrofluoric Acid Reagent Grade TSMITH 9/4/2015
0167545 Carbon substrate Solution | TSMITH 9/4/2015
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GAMMA NOTES
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SECTION V1II

ANALYTICAL DATA (ISOTOPIC URANIUM)

L
UeZd

S




EEEEE%SBSEEE:;MW 1?}1]0'881005 Printed: 9!4!20;:95‘;112;“;
Run 1

Wark Order 081C iremal . Sample | r om ot Atiquot
Analysis Code Uuiso 01 LCS LCS 08/26/15 00:00 1.0000E+00
B Ru_n 02 | mBL BLANK 08/26/15 00:00 1.0000E+00
" Date Received 8/25/2015 03 : DUP |  ENGWESAQ03 40 7“““:7“06/2411510 40 1.9880E-01
| Lab Deadiine 9/15/2015 || 04  TRG ENGWESAQO o 06124115 12:15 2.9500E-01
| Client 'Auxler&Assoc:Iates Inc. 051 TT;%G ENGV‘JESAOO2 o 50 06/24/15 09: 40 I 3. 9750E 01
Project WESTLAKE 06 | DO EAN'GWESAooémW 0 | "'08/2411510 40 1.9880E-01
Report Level 4 ” 07 TRG | ENGWESAOO4 55 06/24/15 11:40 3. 9750E 01
___”Actlwty Units | pCi - 08 ?TRG ENGWESAQ05 40 06/23/15 10:30 | 3.9750E- 01
[ Aliquot Units 's 09 ' TRG "ENGWESA006 | 43 06/24/1513 00 3.9750E-01
 Matrix AF 10 ! Tre | ENGWESA007 51 ! 06/23/15 09: 38 é'_'97soE-o1
7 " Method EML U-02 Modified 11 TRG  ENGWESA008 44 06/23/15 11:25 3.9750E-01
i jnstrumeﬁt%ype Aipha Spectroscopy_ [ 12 L TRG ENGWESAQ09 0 a9 0B23ns 13:26 3.9750E-01
' Radiometric Tracer u222 || 13  Tre  ENGWESA010 45 06/23/15 14:10 3.9750E-01
| Radiometric Sol# | _L;;O_a ] e '_ TRG  ENGWESAOT1 __ 48 4?”7706/23/1575559 397508 01
| Tracer Act (dpmig) 18.67 15 TRG ENGWESAO‘IZ T 50 06/23/15 14: 507  2.95008-01)

B Carr_ler 16 | TRG T ENGWESAO13 | 41 06/23/1515 30 7

Carrier Conc (mglmi)

3.9750E-01

* SAF1 is used for Gross Alpha and all other radionuclides. SAFZ2 is used for Gross Beta only.

* Indicates estimated SAF value.

** Actual mass exceeded the calibration curve range. Results shouid be qualified as appropriate.




Eberiine Services 15-08105 Printed: $/4/2015 5:12 AM

2::1;«1?59 gt:_::toratory UUISO Fage 2 of 3
Run 1

Internal ‘ Sample Tracer Tracer Total Radiomeftric Radiometric Grav Carrier Grav Filter Grav Filter Grav Filter Grav " Mean SAF SAF
Fraction Desc i Aliquot (g} E ACT (dpm) Tracer (pCi) % Rec . Added (mi) Tare (g) Final {g) Net (g) % Rec ‘ % Rec 1 2*

01 | LCS = 06031 113 0.00

02 | MBL | 06042 | 113 Y . i a
03 | DUP | 06023 11.2 000 |

04  TRG | 06012 112 o000 |

05  TRG | 06012 112 0.00

06 | DO 06006 "2 | 0.00°

07 | TRG 05097 | 12| 0.00 _ | o
- oo . - o e
PTa e s Cha T S R AR S

10 | TRG 05978 112 000 — 7 ]

11 | TRG 05970 14 000

12 | TRG 05963 111 000 -

13 . TRG = o581 112 oo_o__ o - - -
14 | TRG = 0.5954 A o 0_06'%" . -

15 TRG 05959 111 | o000
7_ TRG 08952 | 411 | 000 7 |

¢

* SAF1 is used for Gross Alpha and ali other radionuclides. SAF2 is used for Gross Beta only.  * indicates estimated SAF value.
** Actual mass exceeded the calibration curve range. Resulis should be gualified as appropriate.




i
&
fEE

e

coeseer 16.08105 e stz
Analysis Sheet UuUISO
Run 1
internal | Sample Rough Prep Rough Prep Prep Prep Sep 10 Sep 10 Sep t1 I Sep t1
Fraction | Desc Date By Date By : Date/Time By Date/Time By
01 | LCS ' 09/02/15 09:54 | AGRIGSBY |
02 . MBL 09/02/15 09:54 | AGRIGSBY [
03 | DUP | 0002115 09:54 AGRIGSB\III!‘
04 | TRG _ 09/02/15 09:54 . AGRIGSBY
05 | TRG | 09/02/1509:54 | AGRIGSBY i R
06 | DO ' 09/02/15 09:54 | AGRIGSBY ‘ -
' o7 | TRG 09/02/15 09:54 AGRlGSBYf
08 | TRG | 09102115 09:54 | AGRIGSBY ) N
09 | TRG 09/02/15 09:54 | AGRIGSBY
10  TRG | ' 09/02/15 0954 * AGRIGSBY
1 L TRG 09102115 0954 . AGRIGSBY o
12 | TRG | . 09/0211509:54 | AGRIGSBY -
13 TRG ] 'iigéf/’dzf'15b'é:54 AGRIGSBY | o
| 14 TrRe 09/02/15 09:54 | AGRIGSBY -
15 - TRG  00/02/1509:54 AGRIGSBY o - ]

TRG

09/02/15 09:54 AGRIGSBY |

* SAF1 is used for Gross Aipha and al! other radionuclides. SAF2 is used for Gross Beta only.

** Actual mass exceeded the calibration curve range. Results shouid be gualified as appropriate.

A Indicates estimated SAF value.




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/4/2015 2:44 PM

Oak Ridge Laboratory Work Order: 15-08105-UUISO-1 Page 1 of3

lab - Sample Client Activity . . LCS LCS LCS RPD MDA Blank
Fraction Nuclide Desc Identification Units Resuits | Error Estimate MDA Known %R Flag Flag Flag Flag
01 U-234 1 LGS LCS pCils 7.82E+00| 1.13E+00| 9.87E-02| 8.0TE+00| 96.88 OK QK
02 U-234 MEBL BLANK pCils “1.12E-02| 3.43E-02] 9.33E-02 OK OK
g v
03 U-234 DUP ENGWESA003 pCils 9.07E-01| 5.66E-01| 4.07E-01 NA OK
O 04 U-234 TRG ENGWESA001 pCifs 1.61E+00| 6.38E-01] 4.69E-01) oK
U
T
8 () 05 U-234 TRG ENGWESA002 pCilts 1.33E+00| 5.00E-01] 2.40E-01 OK
--m. .
w
2| - 06 U-234 DO ENGWESA003 pCils 1.81E+00] 8.39E-01| 6.02E-01 OK
i~
-3 — ,
07 U-234 TRG ENGWESA004 pCils 1.31E+00] 4.79E-01| 2.38E-01 OK
3 08 U-234 TRG ENGWESAQ05 pCi's 1.00E+00]{ 4.08E-01| 2.29E-01| - T OK
=
Q
§ - 09 U-234 TRG ENGWESAD0S pCi's 1.33E+00] 4.55E-01| 1.50E-01 OK
n
3 o 10 U-234 TRG ENGWESA007 pCils 1.81E+00] 5.84E-01| 2.18E-M1 OK
E -
@
°§ 14 U-234 TRG ENGWESAQ08 pCifs 1.51E+00] 5.37E-01| 1.81E-01 CK
= -
& 12 U-234 TRG ENGWESAN0S pCils 1.4BE+00] B6.09E-01| 2.45E-01 OK
y 13 U-234 TRG ENGWESANMO pCifs 1.44E+00| 5.82E-01| 2.40E-01 CK
2
;. 14 u-234 TRG ENGWESA011 pCils 1.08E+00| 4.21E-01| 1.61E-01 OK
[
-~ U-234 TRG ENGWESAD12 Cils 2.37E+00| 7.52E-01) 2.53E-01 CK
=1 P
= 8 16 U-234 TRG ENGWESANM3 pCils 1.14E4+00| 4.51E-01| 2.44E-01 CK
g o
o 0
<
o8
o
Q2
>
=
<L
Il




Eberline Sérvices Preliminary Data Report & Analytical Calculations - Printed: 9/4/2015 2:44 PM

Oak Ridge Laboratory Work Order: 15-08105-UUISO-1 Fage 2 of3

Lab Sample Sample Sample Radiometric Grav Mean Sep t0 Sep t1
Fraction Nuclide Desc Date Aliquot % Rec % Rec % Rec SAF Date/fime DatefTime
o1 u-224 LCS 08/26/15 00:00 1.00E+00 104.25 0.00 0.00
!
02 U-234 MBL 08/26/15 00:00 1.00E+00 105.22 0.00 0.00
51
24
03 u-224 DUP 06/24/15 10:40 1.99E-01 109,90 0.00 0.00
04 U-234 TRG 08/24/15 12:15 2.95E-01 110.22 0.00 0.00
@
2 O
Qo 0 05 U-234 TRG 06/24/15 09:40 3.98E-01 97.71 0.00 0.00
2
5 —— -
= - 08 u-234 Do 06/24/15 10:40 1.99E-04 91.37 0.00 0.00
=
< =2
07 U-234 TRG 06/24/15 11:40 3.98E-01 116,11 0.00 0.00
g 08 u-224 TRG 06/2315 16:30 3.98E-01 111.72 0.00 0.00
[
§ - 09 U-224 TRG 06/24/15 13:00 3.98E-01 116.00 0.00 0.00
0
8 i 10 U-234 TRG 06/23/15 09:38 3.98E-01 101.91 0.00 0.00
E -
]
‘g 11 U-234 TRG 08/23/15 11:25 3.98E-01 93.80 0.00 0.00
£
é 12 U-234 TRG 06/23/15 13:26 3.98E-01 99.93 0.00 0.00
o 13 U-234 TRG 06/23/15 14:10 3.98E-01 86.41 0.00 0.00
o
e 14 U-234 TRG 06/23/15 08:59 3.95E-01 95.76 0.00 0.00
Ly
@
) 15 U-234 TRG 06/23/15 4:50 2.95E-01 24.91 0.00 0.00
u 8 16 U-234 TRG 06/23/15 15:30 3.98E-01 99.70 0.00 0.00
2 o
G )
<
ol
|
LT
»
-
<
!




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/4/2015 2:44 PM

Osk Ridg Laborstory Work Order: 15-08105-UUISO-1 Page 3of3

Lab . Sampie Counting Halflife . Count Bkg
Fraction Nuclide Desc Date/Time {days) Detect Carrier Time Counts CPM Eff
01 U-234 LCs D9/04/15 08:35 A_Spec |Alpha_048 170]5.22 E+02 |7.00 E-03 17
- 02 U-234 MBL 09/04/15 10:33 A_Spec |Alpha_049 170|-6.80 E-01 |4.00 E-03 15.3
g
03 U-234 Dup 09/04/15 10:33 A_Spec  |Alpha_050 17011.07 E+01  |2.00 E-03 14.3
04 U-234 TRG 09/04/46 10:33 A_Spec |Alpha_051 170i3.01 E+01  [1.70 E-02 15.2

g O

O w 05 u-234 TRG 09/04/15 10:34 A_Spec |Alpha_052 170{3.13 E+01 |4.00 E-03 16.1

-ﬂ ———

o

2 = 06 u-234 DO 09/04115 10:33 A_Spec |Alpha_053)  170/1.60 E+01 |0.00 E+00 14.6

| =2

07 U-234 TRG 09/04/15 10:33 A_Spec |Alpha_054 170{3.30 E+01  |0.00 E+00 14.5

g 08 U-234 TRG 09/04/15 10:34 A_Spec | Alpha_055 170(|2.61 E+01 |5.00 E-03 15.6

m

O

§ - 09 U-234 TRG 09/04/15 10:34 A_Spec |Alpha_0586 170(3.68 E+01  (1.00 E-03 16

= ‘

8 s 10 U-234 TRG 09/04/15 10:33 A_Spec |Alpha 057 170|4.35 E+01 3,00 E-03 15.8

t -

L}

‘fg’ 11 U-234 TRG 09/04115 10:33 A_Spec iAlpha_058 170(32.48 E+01 {1.00 £-03 16.4

£ -

é 12 U-234 TRG 0O/04/15 10:33 A_Spec |Alpha_069 170|3.80 E+01  [6.00 E-03 17.2
J 13 U-234 TRG 05/04/15 10:23 A_Spec |Alpha_060 170|2.87 E+01 2,00 £-03 15.4
= ;

R 14 U-234 TRG 09/04/15 11:29 A_Spec |Alpha_033 170|2.78 £+01  |1.00 E-03 18
n
D
= 15 U-234 TRG 09/04/15 11:29 A_Spec |Alpha_034 170(4.47 E+01  |2.00 E-03 17.9

= 8 16 U-234 TRG 09/04/15 11:29 A_Spec |Alpha_035 170{2.80 E+01 |0.00 E+00 16.5

8 0

°l 2
]
| 55
2
>
>
<L




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/4/2015 2:44 PM

Oak Ridge Laboratory Work Order: 15-08105-UUISO-1 Page 1 of3

+ Lab . Sample Client Activity . LGS LCS L.CS RPD MDA Blank
Fraction Auclide Desc ldentification Units Results Error Estimate MDA Known %R Fiag Flag Flag Flag
!; 01 U-238 LCcs LCS pGCils 8.00E+00| 1.15E+00| 8.41E-02| 7.B6E+00| 101.71 OK oK
02 U-238 MBL. BLANK pCils 1.89E-02| 4.73E-02| 9.86E-02 OK oK
3 L i
03 U-2a8 DuP ENGWESAD03 pCils 1.33E+00| 6.85E-01| 4.05E-01 OK OK
04 U-238 TRG ENGWESA001 pCils 1.40E+00| 5.70E-01| 3.01E-01 oK
t O
S w 05 U-238 TRG ENGWESA002 pCils 1.31E+00; 4.96E-01| 2.54E-01 oK
-ﬂ —
%]
2 =2 06 U-238 DO ENGWESA003 pCils 1.4BE+00[ 7.85E-01| 4.17E-01 OK
T =2
07 U-238 TRG ENGWESA004 pCils 1.53E+00| 5.16E-01| 1.85E-01 oK
g 08 U-228 TRG ENGWESA00S pCils 5.90E-01| 3.07E-01] 2.00E-D1 OK
o
o
§ - 09 U-238 TRG ENGWESAQ08. pCifs 1.40E+00| 4.73E-01] 2.26E-01 QK
%]
£ il 10 U-238 TRG ENGWESA007 pCils 1.20E+00| 4.68E-01] 2.48E-01 OK
E L]
@
E 11 U-238 TRG ENGWESADOS pCils 1.41E+00| 5.26E-01] 2.96E-01 CK
’-E e
é 12 U-238 TRG ENGWESA009 pCils 1.06E+00| 4.22E-01| 2.18E-01 CK
J 13 U-238 TRG ENGWESAD10 pCils 1.28E+00| 5.27E-01| 2.39E-01 CK
=
- 14 U-238 TRG ENGWESAQ11 pCils 1.02E+00] 4.11E-01| 2.02E-01 oK
0
@O
- 15 U-238 TRG ENGWESAG12 pCifs 1.78E+00; 6.49E-01| 3.48E-01 OK
= 8 16 U.238 TRG ENGWESA013 pCils 1.54E+00| 5.20F.01| 2.43E-01 OK
g 0
&} th
<{
o
S
2
b
=
<




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/4/2015 2:44 PM

Oak Ridge Laborator ~ Work Order: 15-08105-UUISO-1 Page 2 3

Lab " Sample Sample Sample Radicmetric Grav Mean Sep t0 Sep t1
Frastion Nuclida Desc Date Aliguot % Rec % Rec % Rec SAF Date/Time Date/Time
01 U-238 Lcs 08/26/15 00:00 1.00E+00 104.25 0.00 0.00
02 U-238 MBL 08/26/16 00:00 1.00E+00 108.22 0.00 0.00
g
03 U-238 DUP 06/24/15 10:40 1.99E-01 109.90 0.00 0.00
04 U-238 TRG 06/24/15 12:15 2.95E-01 110.22 0.00 0.00
D
2 O
G w 05 U-238 TRG 06/24/15 08:40 3.98E-01 97.71 0.00 0.00
"-’-’ L _ ]
in
< - 086 U-238 Do 06/24/15 10:40 1.99E-01 91.37 0.00 0.00
| -
07 U-238 TRG 06/24/15 11:40 3.98E-01 116,11 0.00 0.00
g 08 U-238 TRG 06/23/15 10:30 3.98E-01 111.72 0.00 0.00
L
O
§ - 09 U-238 TRG 06/24/15 13:00 3.98E-01 116.00 0.00 0.00
> -
3 v 10 U.23s TRG 06/23/15 09:38 3.98BE-01 101.91 0.00 0.00
a L]
L T
E 11 U-238 TRG 06/23/15 11:25 3.9BE-01 93.80 0.00 0.00
S
é 12 U-238 TRG 06/23/15 12:26 3.98E-01 99.93 0.00 0.00
o 13 U-238 TRG 06/23/M15 14:10 3.98E-01 86.41 0.00 0.00
: o
. 14 U238 TRG 06/23/15 08:59 3.98E-01 95.76 0.00 0.00
0
QO
TU' 15 U-238 TRG 06/23/15 14:50 2.95E-01 94.91 0.00 0.00
- 8 16 U-238 TRG 06/23M5 15:30 3.98E-01 99.70 0.00 0.00
g h
3 v
<L
od
o
9
»
<




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/4/2015 2:44 PM

Oak Ridge Laboratory Work Order: 15-08105-UUISO-1 - Poge3of3

Lab . . Sample Counting Halftife . Count Bkg
Fraction Nuclide Desc Cate/Time (days} Detsct Carrier Time Gaunts oPm Eff
01 U-238 LCS 09/04/15 08:35 A_Spec |Alpha_048 170|5.36 E+02  |4.00 E-03 17
- 02 U-238 MEL 09/04/15 10:33 A_Spec |Alpha_048 170|115 E+00 |5.00 E-03 15.3
gl v
03 u-238 DUP 09/04/15 10:33 A_Spec |Alpha_050 170|1.57 E+01  |2.00 E-03 14.3
O 04 u-238 TRG 09/04/15 10:33 A_Spec |Alpha_051 170|2.63 E+01  [4.00 E-03 15.2.
QO
o
3 (7p] 05 u-238 TRG 09/04/15 10:34 A_Spec |Alpha_052 170{3.10 E+01 |0.00 E+00 16.1
-E — .
W
= - U-238 DO 08/04/15 10:33 A_Spec |Alpha_083 170(1.48 E+01  {1.00 E-03 146
[v]
4|
o7 u-228 TRG 09/04/15 10:33 A_Spec |Alpha_054 170(2.88 E+01  |1.00 E-03 14.5
k: 08 U-238 TRG 09/04/15 10:34 A_Spec |Alpha_055 170[1.56 E+01  |3.00 E-03 15.6
2
[s]
E - 09 u-238 TRG 09/04/15 10:34 A_Spec |Alpha_056 170]3.90 E+01  16.00 E.03 i6
“w
% W 10 u-238 TRG 08/04/15 10:23 A_Spec |Alpha_D57 170|2.90 E+01. |0.00 E+00 15.8
L]
[T}
‘g 11 U-238 TRG 09/04/15 10:33 A_Spec |Alpha_058 170(3.26 E+01 |8.00 E-03 16.4
‘T.": N
é’ 12 U-238 TRG 09/04/15 10:33 A_Spec |Alpha_059 170{2.73 E+01  |4.00 E-03 17.2
o 13 U-238 TRG 08/04/15 10:33 ‘ A_Spec | Alpha_0860 170]2.67 E+01  [2.00 E-03 154
o
- 14 U.238 TRG 09/04/15 11:29 A_Spec |Alpha_033  170|2.65 E+01 |3.00 E-03 18
7]
O
k= 15 u-238 TRG 09/04/15 11:29 A_Spec |Alpha_034 170(3.38 E+01  |7.00 E-03 17.9
= 8 16 U-238 TRG 09/04/15 11:28 A_Spec |Alpha_035 170/3.80 E+01  |0.00 E+00 16.5
g 4]
3 7))
<
o3
1
Ly
»
- —
<L




Eberline Services . Preliminary Data Report & Analytical Calculations Printed: 9/4/2015 2:44 PM

Oak Ridge Laboratory Work Order: 15-08105-UUISO-1 Page 1of3

lab n Sample Client Activity . LCS LCS LCS RPD MDA Blank
Fraction Nuclide Desc Identification Units Resuits Error Estimate MDA Known %R Flag Flag Flag Flag
01 U-235 Lcs Lcs pCils 4.06E01| 1.81E-01| 1.16E-01 oK
. 02 U-235 MEL BLANK pClis 1.69E-02| 4.06E-D2| 8.52E-02 OK OK
el T
03 U-235 DUP ENGWESAD03 pCifs 0.00E+00| 2.91E-01| 6.30E-01 OK OK
O 04 U-235 TRG ENGWESA001 pCifs 8.73E-02| 1.89E-0t| 3.73E-01 OK
[*}]
h~]
8 (7p) 05 U-235 TRG ENGWESAD02 pCils 4.36E-02) 1.04E-01| 219E-01 OK
IE,- —
8
- - 06 U-235 DO ENGWESA003 pCifs 1.03E-01] 247E-01] 5.17E-01 OK
[~
< -2
07 u-235 TRG ENGWESA004 pCiis 2.93E-0%| 2.56E-01] 2.93E-01 OK
§ 08 U-235 TRG ENGWESAO005 pCils 1.25E-01| 1.62E-01]| 2.25E-01 OK
i
Q
§ - 09 U-235 TRG ENGWESADOS pCifs 1.40E-0%| 1.78E-01| 2.66E-01 OK
L]
§ i 10 U-235 TRG ENGWESA007 pCils 4.01E-01| 2.89E-01| 2.14E-01 OK
L]
@
E 11 u-235 TRG ENGWESA008 pCifs 1.61E-01| 2. 41E-01] 3.21E-01 0K
8 u-235 TRG | - ENGWESA009 pCifs 2.40E-01| 2.32E-0t] 2.88E-01 OK
1]
: 1-235 TRG ENGWESA010 pCils 1.24E-01| 2.10E-01] 3.71E-01 OK
=
. 14 U-235 TRG ENGWESAO011 pCils 1.35E-01| 1.63E-01| 1.99E-01 : OK
)]
Q
-E; 15 U-235 TRG ENGWESAD12 pCiis 5.89E-01| 4.11E-01] 3.92E-01 OK
- 8 1 U-235 TRG ENGWESAD13 pCiis 3.01E-01| 263E-01] 3.01E-01 OK
= Q
g 0
G 0
<<
od
.
o
»
3
<{




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/4/2015 2:44 PM

Oak Ridge Laboratory Work Order: 15-08105-UUISO-1 Page2of 2

Lab . Sample Sampie Sample Radiometric Grav Mean Sep t0 Sep t1
Fraction Nuclide Desc Date Aliquot % Rec % Rec % Rec SAF Date/Time DatefTime
01 U-235 LCs 08/26/15 00:00 1.00E+00 104.25 0.00 0.00
02 U-235 MBL 08/26/15 00:00 1.00E+00 105.22 0.00 0.00
g
g3 U-235 DUup 06/24/15 10:40 1.99E-01 109.90 0.00 0.00
04 U-235 TRG 06/24/15 12:15 2.95E-01 110.22 0.00 0.00
g O
) (s 05 U-235 TRG 06/24/15 09:40 3.98E-01 97.71 0.00 0.00
b Demm—
P
2| = 06 U-236 DO 06/24/15 10:40 1.99E-01 91.37 0.00 0.00
| =
07 u-235 TRG 06/24/15 11:40 3.98E-01 116.11 0.00 0.00
E: 08 U-235 TRG 06/23/16 10:30 3.98E-01 111.72 0.00 0.00
A
O
E - 09 uU-235 TRG 06/24/15 13:00 3.98E-01 116.00 0.00 0.00
n
3 e 10 U-235 TRG 06/23/15 09:38 3.98E-01 101.91 0.00 06.00
E -
(7]
g 11 U-235 TRG 06/23/15 11:25 3.98E-01 93.80 0.00 0.00
£
ﬁ 12 U-235 TRG 06/23/15 13:26 3.98E-01 99.93 0.00 ~0.00
9 13 U-235 TRG 06/23/15 14:10 3.98E-01 86.41 0.00 0.00
c
- 14 U-235 TRG 06/23/15 08:59 3.98E-01 95.76 0.00 0.00
0
o
- 15 U-235 TRG 06/23/15 14:50 2.95E-01 94.91 0.00 0.00
x 8 16 1-235 TRG 06/23/15 15:30 3.98E-01 99.70 0.00 0.00
g 7]
G 7]
<
o3
e
2
>
=
<




Eberline Services Preliminary Data Report & Analytical Calculations | Printed: 9/4/2015 2:44 PM

Oak Ridge Laboratory Work Order: 15-08105-UUISO-1 Page 3 of

l.ab - Sample Counting Hatlilife . Count Bkg
Fraction Nuglide Desc Date/Time {days) Detact Carrier Time Counts cPM Eff
01 U-235 LCS 09/04/15 08:35 A_Spec |Alpha_048 170|2.20 E+01  |6.00 E-03 17
02 U-235 MBL 09/04/15 10:33 A_Spec |Alpha_049 170|8.30 E-01  [1.00 E-03 15.3
3 —
03 U-235 pup 09/04/15 10:33 A_Spec |Alpha_050 170(1.00 E+00  |0.00 E+00 14.3
g4 u-23s TRG 09/04/15 10:33 A_Spec |Alpha_051 170(1.32 E+0C  {4.00 E-03 15.2
3 Q
Q () 05 U-235 TRG 09/04/15 10:34 A_Spec |Alpha_052 170|8.30 E-01  [1.00 E-03 16.1
'(-ﬂ- ——
[7]
< - 06 U-235 Do 09/04/15 10:33 A_Spee |Alpha_053 170|8.30 E-01  {1.00 E-03 14.6
[~
< 3 -
07 U235 TRG 0S/04/15 10:33 A_Spec |Alpha_054 170(6.00 E+00  |0.00 E+00 14.5
5 08 U-235 TRG 09/04/15 10:34 A_Spec |Alpha_056 170|2.66 E+00 |2.00 E-03 15.6
by
Q
E - 09 U-235 TRG 09/04/15 10:34 A_Spec |Alpha_056 170|3.15 E+00  |5.00 E-03 16
,3 WA 10 U-235 TRG 09/04/15 10:33 A_Spec |Alpha_057 170|7.83 E+00  |1.00 E-03 15.8
[ - .
[
E 11 U-235 TRG 09/04/15 10:33 A_Spec |Alpha_p58 170{3.00 E+00  |0.00 E+00 16.4
] -
uh'j 12 U-235 TRG 08/04/16 10:33 A_Spec |Alpha_p59 170]5.00 E+00  |0.00 E+00 17.2
o 13 U-235 TRG 09/04/15 10:33 A_Spec |Alpha_060 170|2.00 E+00  {0.00 E+00 15.4
o
- 14 U-235 TRG 09/04/15 11:29 A_Spec | Alpha_033 170|2.83 E+00  |1.00 E-03 18
7]
5]
-a 15 U-235 TRG 09/04/15 11:2% A_Spec |Alpha_034 170|9.00 E+00 |0.00 E+D0 17.9
- 8 16 U-235 TRG 00104415 11:29 A_Spec |Alpha_03% 170|6.00 E+00 |0.00 E+00 18.5
kS )
G n
<[
o
Tom
: 2
%
=
<L




Count Room Report

15-08105-UUISO-1 (pCils) in AF

Printed: 9/4/2015 6:12 AM

Client: Auxier Associates, Inc. Tracer ID: U-10a Page tott
(‘4< ‘ |
g | e Somele o i iguot oot @) AcT fapm) Tty | dme W
ift - o1 LCS Lcs 08/26/1500:00 |  1.0000 0.6031 | 11.2599 0.00
| 02 | MBL BLANK 08/26.’1“560:00 1.0000 0.6042 11.2804 0.00
03 | DUP ENGWESAOOB 06/24/15 10:40 | 01988 0.6023 112449 1 0.00
04 | TRG ENGWESAOM | 06/24/151215- 02050 | 06012 | 11.2244 0.00
_QE_T;M | ENGV\fSAOO2 _ o%ﬁ{g )40 1 03975 | 06012  11.2244 ) 7 O..O-o...;..___i__ _
@ 06 DO ~ ENGWESA003 06124/15 10:40 ! 0.1988 06006 112132 | _O,'O,,Q,,,;i_,
§§“ 07 . TRG ENGWESA004 06!24/151140 0.3975 0.5997 11.1964 0.00 .
08 | TRG ﬂrirméfr\iGWESAoos 06/2311510 30 03975 | 05986“ 111789 | 000
09 | TRG ENGWESAGOS 06124/1513 00 0.3975 0.5981 11,1665 d.obf o
10 ' TRG ENGWESAQ07 06/23/15 09; 38 | 03975 05978 . 11, 1609 000 _
1 TRG ENGWESAOGS - 08/23115 11: 25"  oa3ers 05970 11.1460 0.00 *'
12 7 TRG | o ENGWESAOOQ ! 06123115 1326 — 03975 | 05963 11.1329 0.60 o
13 TRG T__ ENGWESAC10 77;()76/23/151410 03975 05981 11.1665 0.00 o _
L 1 44 TRe ENGWESAOHm 062315 08: 59 0.3975 0.5954 118t ooowf'
,@ ,,1E TRG ____ ENGWESA-0127 ;Ege,/wm 50 _ 02950 |  ©0.5959 ___:11 1255 . 000 _ |
f;;‘ 16 TRG - ENGWESAO13 06/23/15 15:30 03975 | 05952 111124 | ooo
I R . S I T
S i L o




Eberline Services
Qak Ridge Laboratory

Spike and Tracer Worksheet

Page 1 of 1
Printed: 9/2/2015 9:54 AM

Internal Work Order Run Analysis Code Date Technician Technician Initials Witness Initials
15-08105 1 UuIsO 9/2/2015 9:54 AGRIGSBY A W
; Matrix Spikes ceean LGS MS [T ECSD Gl MSD ) s BBS M8 LCSE) <MSD
Isotope ' Sol # Activity Solution | App_rf:x Volume Volume Volume Volume Know.m EJ-’fOl' Add?d Efror Knov:m Efror Addu?d Efror
dpm/y Date Addition Used (g} Used (g) Used (g} Used (g} pCi Estimate pCi | Esfimate pCi Esfimate pCi Estimate
u-234 U-8a 36.240 9/2/2015 p.500( : 8.07 0.290 0.00 0.000 0.00 0.000 0.00 0.000
U-238 U-8a 34.350 9/2/2015 - 0.500 TBé 0.283 0.00 0.000 0.0 0.000 0.00 0.000
TG00 WS (G-28 : TR Hb.'ZU‘Ml 0. ‘
acers , "~ Balance Printer Tapes -

fraction Isotope Sof # | ﬁf::.{';y | Sc;::i;n [‘}’:.;Z"{r_; :‘ﬁ":g; Tracer LCS

01 U-232 U-10a 18.670| ©/2/2015 : 0.6500

02 u-232 U-10a 18.670] ©/2/2015| 0.6500

03 U-232 U-10a 18.670| 8122015 0.6500 i

04 U232 | U-0s 18670| 9122015 0.6500 |

05 u-232 U-10a 18.670: 9/2/2015|; 0.6500

06 | U-232 ‘ U-10a 18.670] 9202015 0.8500

lirg U-232 LJ-10a 18.670| 9/2/2015 0.6500

08 U-232 | U-0a 18570, 9/2/2015 0.6500 |

09 u-232 U-10a 18.670| 9/2/2015 0.65-;

10 U-232 U-10a 18.670| 9/2/2015] 0.6500 Matrix Spike

11 U-232 U-10a 18.670| 9/2/2015 0.6500

12 u-232 U-10a 18.67C 91'2.’2.015 L 0.6500

13 U-232 U-10a 18.670: 9/2/2015 . 0.6500

14 u-232 U-10a 18.670( 9/2/2015 0.6500

15 U-232 U-10a 18.670| 9/2/2015] 0.6500

16 U-232 U-10a 18670 0/2/2015 0.6500

Version 2.0 08/9% .




Eberline Analytical = Printed: 9/3/2015 8:12 AM
Ozk Ridge Laboratory AIIqUOt WOkaheet Page 1 of 1

Werk Order Analysis Code Ryt tinfls Lah Deadiine Technician
15-08105 uuISO s 9/15/2015 JWOLFE
Lab Auxier & Associates, Inc.| sampte | Muffle Data Aliguot Data MS Aliquot Data H-3_$o_l_§ds Only
Fraction - Rafio ol e _ - Water Added H3 Dist
Client ID Type |. PostiPre - -Ratio = Aliquot “NetEquiv - Aliquot . Net Equiv ', (ml) : Alig
01 rcs | Les R 1.00E+00 | 1.0000E+00| -1.0000E+00 3 - ;
02 BLANK | wmBL [ /4:00E+00{ 1,0000E+00|  1.008DE+00 |
03 | ENGWESAQ03 | DUP 1:.00E+00|  1.9880E-01| 1.9860E-01
04 ENGWESA001 TRG “+ 2.9500E-01 -01 ; ]
05  ENGWESAQ02 TRG i 3.9750E-01|  3.9750E
06 ENGWESAQ03 - DO OE+00 |  1.988CE-01|  1.9880E-0T ’
07 ENGWESAQ04 | TRG | 1:00E+00 | 3.9750E-01]  3:9750E-0i
08 ~ ENGWESA005 TRG | C1.00E#00-|  2.9750E-01}  3.9750E-01 _
09 ENGWESA006 TRG SUADOES00 | 3.9750E-01]  3.9750E:07
10 |  ENGWESA®07 | TRG {4I00E+00 | 3.9750E-01] .3.9750E-01 i
1 ENGWESA008 TRG 1.00E400 | 3.9750E-01]  3.9750E-0% | - i ]
12 ENGWESA009 TRG |7 A.00E+00 |  39750E-01| 39750E-01 !
13 ENGWESA010 1 TrG A00E+00 | 3.9750E-01|  3.9750E-01 ]
14  ENGWESAO11 TRG 00E+00| 39750E-01|  3.9750E01 ]
15 _ENGWESA012 TRG E+00]| 2.9500E-01| . 2.9500E-01} |
16 |  ENGWESA013 | TRG 3.97505-01]  3.8750E-01 ]
Commentis

Technician: d\e@?«.m{s{‘_ _ Date: ¢ /’5 AN




_=Apex-Alpha”

SPIKE
\\ORAALPHAl\Canberra\ApexAlpha\Root\Data\00001279
1508105A-UU

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Tiwme:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
counting Efficiency:
Chem. Recovery Factor:

01

Shelf 2

U iso

Alpha_048
02030596B
83111
System Bkgd 127755
<not performeds

1.000E+000 +/-

9/4/2015 5
9/4/2015 8

U232_UU-10A
.603 mkL
L1773 +/- 0

0

0
0
1

L1700 +/-

L0425 +/- 0

Control Certificate Name: NatU U-8a

Chem. Recov. of Control:

Peak Match Tolerance:

U-238

c.

0.150 MeV

:52:48 AM
:35:31 AM

170.0 minuteg
170.0 minutes

.0105

0644

0.0030 on 10/25/2014

0.000E+000 sample

991503 +/- 0.078543

Reagent
Backgnd
.00E+GQ0
.Q0E+Q00
.00E+000Q
.00E+000

Energy
Nuclide {(MeV)
U-232 T 5.272
U-234 4,724
U-235 4,372
U-238 4,142

Pk Area Ambient
Error % Backgnd
10.70 1.02
8.59 1.18
42.93 1.02
8.47 0.68

Ac
(pCi

MDA

3:27:02 PM

Id Energy
Nuclide Conf. {keV)
U-232 0.9%94 5302.50%*
U-234 0.990 4761 .50%
U-235 0.999 4385 .50%
U-238 0.988 4184 .40%

.05E+000
.82E+000
.06E-002
.00E+Q00

tivity
/sample)

+/- B.86E-001
+/- 1.13E+000
+/- 1.81E-001
+/- 1.185E+000

AG
a/41s

L44E-002
.87E-002
.16E-001
L.41LE-002

.10E-00C2
.15E-002
.35E-002
.76E-003

%

al

*

¢




0000127958 .CNF

B Live Time :10200.000 sec
60+ AR s
[~ stop + 1024:6472.1(kev)
B Acq. Start :Fri Sep 04 08:35:31 2015
55+
50-+
451
40+
35+
wy -
+ |
S B
330+
25+
20+ i
15-F
B I
10+ i
[ u;, |
o T it A
il B bl L !
& . A y W@% a i
@% (B S TR Aimﬂwuﬁ‘% it Ui Ao A N Mam s L -
LA 3500 4000 4500 5000 5500 6000

Energy(kev)

ROT Type: 1 ROI Type: 3



Channel Data Report 9/4/2015 2:24:52 PM

Channel |
1:
9:

17:
25:

33:
471
49:

57:

65:

73:

81:

89:

97:
105:
113:
121:
129:
137:
145:
153
161:
169:
177:
185:
193:
201:
209:
217 :
225:
233
241 :
249:
257:
265:
273:
281:
289:
297:
305:
313:
321:
329:
337:
345
353:
36l:

**‘k‘k*******‘k******'k‘k***********************************

R KKK S PECTRAL DATA REPORT kk kK ok
T I LA 2 L 2 S R R R R R R R R

Sample Title: 01
Elapsed Live time: 10200
Elapsed Real Time: 10203
R [ -m- e [ om - [ meee | -mmm e | -mmmmee |-
0 0 1 0 0 0 0
0 0 0 0 0 0 0
0] 0 0 0 0 0 0
0 1 0 0 0 G G
0 1 0] 0 0 0 0
e 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 o 0 0 0
0 Q 0 0 0 0 0
0 0 0 0 0 0 0
0 0 1 0 0 0 0
0 0 0 0 0 0 0
0 0 0 G 0 0 0
0 0 0 0 0 0 Q
0 0 0 0 0 1 0
0 0 0 0 0 0 0
0 0 1 0 0 0 0
1 1 0 2 0 0 0
0 1 1 0 0 0 0
1 1 0 0 G G &
0 0 0 1 1 1 0
1 1 0] 0 0 1 0
0 0 0 0 2 0 1
1 2 2 2 1 2 2
4 2 0 2 0 2 1
1 4 2 3 2 6 5
5 7 4 4 4 2 6
6 10 4 8 3 7 4
7 9 5 16 6 9 13
9 18 17 7 9 20 14
16 20 12 20 16 13 23
19 11 9 8 10 4 3
1 0 0 0 0 0 0
0 0 0 0 0 0 0
0 1 0 0 0 0 0
0 0 1 0 1 0 1
2 0 1 1 0 0 0
1 0 0 1 0 1 1
0 0 1 0 0 0 2
0 2 0 0 0 0 1
0 1 0 0 0 0 0
0 0 0 0 0 0 G
0 1 0 0 8] 0 0
0 0 1 0 0 0 0
1 1 0 0 1 0 0

Page

OO\OU'IOU'II—'O}—‘OOOOOOOOOOOOOOOOOOOOO

e
W B

1
0
1
1
0
0
2
0
0
0
1
0
1
0




2

Page
0

0

10
18
18
16

1
3
15
15

1
13
13
17
14

2:24:53 PM
0

2

2

10

18

I CneEid EETLREI EEREEE
12

1
11
13
12
19

9/4/2015

11
11
10
21

01l

0
14
16
20

10

Sample Title:
15

369:
377
385:
393:
401;
409:
417 :
425
£33
447,
445 :
457+
465
473 :
481 :

Channel Data Report
Channel[————~—!——~————|———————|—m—————

<

(e

489:

< O

o O

497 :
505

11
12

17

o C OO0

10

10

OO OO 0O00o

13

10
11
11

131

10
12

513:
521:
529:
537:
545
553:
Hel:
569:
577:
585:
593:
601:
609:
617:
625:
633:
641 :
649;
657:
665:
673 :
681:
6£89:
697
705:
713
721
729:
737
745
753:
761 :
769
777

o O

785
793:




3

Page

2:24:53 BM

9/4/2015

Channel Data Report

801;

01

Sample Title:

e e e
0 0 ¢ 0 0 0 0
0 0 0 0 0 0 0

Channel | —~---=|-=-====]-mmmmmm|cmmmm-
80¢%
817:

825:
833:
841;
849:
857:
865:
873:
881:
889;
897:
905:
913:
921:
929:
937:
945 ;
953:
g61l:
969:
977:
985:
993 :
1001:
1009:
1017




_=Apex-Alpha” ety

Sample Description: BLANK

Spectrum File: \\OR~ALPHA1\Canberra\ApexAlpha\Root\Data\OO001279
Batch Identification: 1508105A-UU

Sample Identification: 0z

Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha 049

Chamber Serial Number: 100061214

Detector Serial Number: 49

Env. Background: System Bkgd 127756

Reagent Blank: <not performed:

Sample S8ize: 1.000E+000 +/- ©0.000E+000 sample
Sample Date/Time: 9/4/2015 5:52:48 AM
Acquisition Date/Time: 9/4/2015 10:33:51 AM
Aequigition Live Time: 170.0 minutes

Agquisiticn Real Time: - 170.0 minutes

Tracer Certificate: U232 _UU-10A

Tracer Quantity: 0.604 mL

.1605 +/- 0.0099
1825 +/- 0.0027 on 12/13/2014 2:45:02 PM
L0522 +/- 0.0676

Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

= o O

Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWEM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.275 305.66 11.22 0.34 0.00E+000 13.3
U-234 4.717 ~0.68 304 .44 0.68 0.00E+000 0.0
U-235 4.412 0.83 239.53 0.17 0.00E+000 3.0
U-238 4,076 1.15 249.59 0.85 0.00E+000 3.0

is} Energy Bctivity MDA
Nuclide  Conf. {keVv) {pCi/sample) {pCi/sample)
U-232 0.995 5302.50%* 5.06E+000 +/- &6.11E-001 7.91E-002 +/- 9.56E-003
U-234 0.986 4761.50% -1.12E-002 +/- 3.43E-002 9.33E-002 +/- 1.13E-002
U-235 0.935 4385 .50%* 1.6%E-002 +/- 4.06R-002 8.52E-002 +/- 1.03E-002
U-238 0.820 4184 .40% 1.89E-002 +/- 4.73E-002 9.86E-0C2 +/- 1.19E-002

G
s

e
il
A
=S,
g

oy
e
{[l

f
|




0000127966 .CNF

Live Time :10200.000 sec
60" Real Time ;10200.300 sec
start:  1:3446.2(kev)
Stop © 1024:6477.7(kev)
Acg. Start :Fri Sep 04 10:33:51 2015

554

50

L

45+

fo
o)
|

Yl 1T 1113111118 T

LA
w
1

Counts

Lag
C‘D

t

™~
o
}

!

~J
C|>

Tt 1111 1T i1 TitT1 11Tt

15

. [
01 1 i I Lg | } i | & f0 & LAk BN Ey

i \ \
5000 5500 6000
Energy(kev)

L
w1
o]
Lo ]
=
= _|
(o)
[e]
.
|
o]
(o)

ROI Type: 1 ROI Type: 3




1

Page

2:25:00 PM

9/4/2015

Channel Data Report

khkkhkhhkhkhkhk bk hrAhkdhkrhhhhkhhkhhhdhhhhkdddhhhrdxrkrdrdrdhxhkddrhditsk

kR Rk

REPORT
Ak ok k kAR kR R F kR A Ik kkhkkk kAR AR A AR IR T Ih Ak hkkhhk ok kb kR kkkkh k&

SPECTRAL DATA

kkEkR ik

02

Sample Title:
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Sample Desacription: ENGWESA003-DUP
Spectrum File: \\ORAALPHAl\Canberra\ApexAlpha\Root\Data\oG001279
Batch Tdentification: 1508105A~U0
Sample Identification: 03
Sample Geometry: Shelf 2
Procedure Descripticn: U igo
Detector Name: Alpha 050
Chamber Serial Number: 10006121RB
Detector Serial Number: 50
Env. Background: System Bkgd 127757
Reagent Blank: <not performed:
Jample Size: 1.988E-001 +/- 0.000E+000 sample
Sample Date/Time: 6/24/2015 5:52:48 AM
Acquisition Date/Time: 9/4/201% 10:32:52 AM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: - 170.0 minutes
Tracer Certificate: U232_UU-10A
Tracer Quantity: 0.602 mL
Effective Efficiency: 0.1569 +/- 0.0098
Counting Efficiency: 0.1428 +/- 0.0026 on 12/13/2014 2:43:59 PM
Chem. Recovery Factor: 1.09%0 +/- 0.0714
pPeak Match Tolerance: 0.150 MeV

————— PERAK AREA REPORT -

Enerqgy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keVv)
U-232 T 5.281 297.83 11.36 0.17 0.00E+000 12.0
U-234 4.722 10.66 61.14 0.34 0.00E+0C0 3.0
J-2358 4.3399 0.00 1860.0 0.00 0.00E+000 0.0
U-238 4,155 15.66 50.15% 0.34 0.00E+000 3.0

Id Hnergy Activity MDA
Nuclide Cenf . {(keV) (pCi/sample) {pCi/sample}
U-232 0.997 5302.50%* 2.54E+001 +/- 3.11E+00C0 3.56E-001 +/- 4.35E-002
U-234 0.983 4761.50% 9.07E-001 +/- 5.66E-00C1 4.07E-001 +/- 4.38E-002
U-235 0.99¢8 4385.50%* 0.00E+000 +/- 2.21E-001 6.30BE-001 +/~ 7.70E-002
J-238 0.994 4184 .40% 1.33E+000 +/- €.85E-001 4 .0BE-001 +/- 4.95R-002

AG
e
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_=Apex-Alpha”

ENGWESAQOL
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001279
1508105A-UU

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:

Sample Geometry:

Procedure Degcription:

Detector Name:

Chamber Serial Number:
Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:
Sample Date/Time:

Acguisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

04

Shelf 2

U iso

Alpha 051
100061234

51

System Bkgd 127758
«not performeds

2.950E-001 +/-
6/24/2015
9/4/2015

U232 UU-10A

0.000E+000 sample
5:52:48 AM
10:33:58 AM
170.0 minutes
170.0 minutes

Tracer Quantity: 0.601 mL
Effective Efficiency: 0.1680 +/- ©0.0102
Counting Efficiency: 0.1524 +/- 0.0027 on 12/13/2014 2:42:37 PM
Chem. Recovery Factor: 1.1022 +/- 0.0699
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT ————

Energy Net Fk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {(keV)
U-232 T 5.285 318.28 11.04 2.72 0.00E+000 32.1
U-234 4.734 30.11 37.67 2.89 0.00E+000 8.9
U-235 4 .355 1.32 215.87 0.68 0.C0E+000 3.0
U-238 4.165 26,32 38.78 0.68 Q.00E+000 3.7

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Enerqgy Activity MDA

Nuclide Conf {keV) (pCi/sample) {pCi/zample)
U-232 0.998 5302.50%* 1.71E+001 +/- 2.04E+G00 4 .60E-001 +/- 5.49E-002
U-234 0.995 4761 .50% 1.61E+000 +/- 6.38E-001 4,69E-001 +/- 5.60E-002
U-235 0.993 4385.50~* 8.73E-002 +/- 1.8SE-001 3.73E-001 +/- 4.45E-002
U-238 0.987 4184 .40%* 1.40E+000 +/- 5.70E-001 3.01E-Q0L +/- 3.59E-002
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_== Apex-Alpha”

Sample Description: ENGWESAQ02
Spectrum File: \\ORAALPHAl\Canberra\ApexAlpha\Root\Data\OO001279
Batch Identification: 1508105A-UU
Sample Identification: 05
Sample Geometry: Shelf 2
Procedure Description: U is=o
Detector Name: Alpha 052
Chamber Serial Number: 10006123B
Detector Serial Number: 52
Env. Background: System Bkgd 127759
Reagent Blank: <not performeds
Sample Size: 3.975E-001 +/- 0.000E+000 sample
Sample Date/Time: 6/24/2015  5:52:48 AM
Acqguisition Date/Time: 9/4/20158 10:34:00 AM
Acguisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.601 mL
Effective Efficiency: 0.1%570 +/- 0.0098
Counting Efficiency: 0.1607 +/- ©0.002% on 12/13/2014 2:40:57 PM
Chem. Recovery Factor: 0.9771 +/- 0.0634
Peak Match Tolerance: 0.150 MeV

————— PERK AREA REPORT -——--

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.284 257.4%9 11.38 0.51 0.00E+000 17.5
U-234 4.737 31.32 35.4¢6 0.68 0.00E+000 4.4
J-235 4.485 0.83 235.53 0.17 0.00E+0Q00 2.9
U-238 4,175 31.00 35.77 0.00 0.00E+000 2.9

Id Energy Activity MDA
Nuclide Conf. (kev) {pCi/sample) {(pCi/sample;}
U-232 0.3998 5302.50% 1.27E+001 +/~ 1.55E+000 2.24E-001 +/- 2.74E-002
U-234 0.%96 4761 .50%* 1.33E+000 +/- 5.00E~001 2.40E-001 +/- 2.94E-002
U-235 0.932 4385.50% 4,36E-002 +/- 1.04E-001 2.19E-0C01 +/- 2.68E-002
u-238 0.999 4184 .40%* 1.31E+000 +/- 4.96E-001 2.54E-001 +/- 3.11E-002
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Sample Description: ENGWESACO3
Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001279
Batch Identification: 1508105A-UU
Sample Identification: 06
Sample Geometry: Shelf 2
Procedure Degcription: U iso
Detector Name: Alpha_053
Chamber Serial Number: 10006122A
Detector Serial Number: 53
Env. Background: System Bkgd 127760
Reagent Blank: <not performeds
Sample Size: 1.988E-001 +/- ©0.000E+000 sample
Sample Date/Time: 6/24/2015 5:52:48 AM
Rcoquisition Date/Time: 9/4/201% 10:33:46 AM
Acquigition Live Time: 170.0 minutes
Acguigition Real Time: 170.0 minutes
Tracer Certificate: U232_UU-10A
Tracer Quantity: 0.601 mL
Effective Efficiency: 0.1329 +/- 0.0089
Counting Efficiency: 0.1455 +/- 0.0026 on 12/13/2014 2:39:33 PM
Chem. Recovery Factor: 0.9137 +/- 0.0635
Peak Match Tolerance: 0.150 MeV

————— PEAK AREZ REPORT .=

Encrgy Net Pk Area Ambient Reagent FWEM
Nuclide (MeV) Pk Area BError % Backgnd Backgnd {keV)
U-232 T 5.282 251.66 12.386 0.34 0.00E+000 32.4
U-234 4.742 16.00 50.51 0.00 0.00E+000 3.0
U-235 4.376 0.83 239.53 0.17 0.00E+0G0 3.0
U-238 4.158 14.83 51.24 0.17 0.00E+0C0 3.0

T = Tracer Peak used for Effective Efficiency
~~~~~ NUCLIDE ANALYSIS RESULTS ———--
Id Energy Activity MDA

Nuclide Conf (keV) {(pCi/sample) (pCi/sample)
U~232 0.997 5302.50% 2.53E+001 +/- 3.33E+000 4 _.81E-001 +/- 6.33E-002
U-234 0.987 4761 .50% 1.61E+000 +/- 8.39E-001 6.02E-001 +/- 7.93E-002
U-235 0.993 4385.50%* 1.03E-001 +/- 2.47E-Q01 5.17E-001 +/- 6.81E-002
J-238 0.995 4184 .40%* 1.48E+000 +/- 7.85E-001 4.17E-001 +/- 5.49E-002
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Sample Description: ENGWESARO004
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001279
Batch Identification: 1508105A-UU
Sample Identification: Q7
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha_ 054
Chamber Serial Number: 100061228
Detector Serial Number: 54
Env, Background: System Bkgd 127761
Reagent Blank: <not performeds
Sample Size: 3.975E-001 +/- 0.000E+000 sample
Sample Date/Time: 6/24/2015 5:52:48 AM
Acquisition Date/Time: 9/4/2015 10:33:49 AM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-102
Tracer Quantity: 0.600 mL

.1686 +/~ 0,0102
1452 +/- 0.0026 on 12/13/2014 2:38:19 PM
L1611 +/- 0.0734

Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

= o o

Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuglide {MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.278 318.66 10.99 0.34 0.00E+000 19.9
U-234 4.728 33.00 34.63 0.00 0.00E+000 3.0
U-235 4.423 6.00 86 .43 0.00 0.00E+000 3.0
U-238 4.161 38.83 31.53 0.17 0.00E+000 15.6

Id Energy Activity MDA
Nuclide Conf . {keV) {pCi/sample) (pCi/gample)
U-232 0.9%¢6 5302.50%* 1.27E+001 +/- 1.50E+000 1.90E-001 +/- 2.25E-002
U-234 0.9%2 4761 .50% 1.31E+000 +/- 4.79E-001 2.38E-001 +/- 2.82E-002
U-235 0.990 4385.50% 2_.93E-001 +/- 2.56E-001 2.93E-001 +/- 3.48E-002
U-238 0.996 4184 .40%* 1.53E+000 +/- 5.16E-001 1.65E-001 +/- 1.96E-002
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_ZApex-Alpha” v

gl
Sample Description: ENGWESAJ0S
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Datal00001278
Batch Identification: 1508105A-UU
Sample Identificatiocn: 08
Sanple Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 055
Chamber Serial Numbexr: 10006124A
Detector Serial Number: 55
Env. Background: System Bkgd 127762
Reagent Blank: <not performed:>
Sample Size: 3.975E-001 +/- 0.000E+000 sample
Sample Date/Time: §/23/2015 5:52:48 AM
Acquisition Date/Time: 9/4/2018 10:34:02 AM
Acguisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.59% wh

L1747 +/- 0.0104
.1564 +/- .0028 on 12/13/2014 2:35:48 PM
.1172 +/- 0.0695

Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

H <o O
o

Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV} Fk Area Error % Backgnd Backgnd {keV)
U-232 T 5.288 329.66 10.80 0.34 0.008+000 5.8
U-234 4,728 26.15 35.05 0.85 0.00E+0CO 3.0
U-235 4.417 2.66 128.85 0.34 0.00E+00Q00 3.0
U-238 4.176 15.49 50.75 0.51 0.00E+000 5.9

Id Energy Activity MDA
Nuclide Conf . {keV) {pCi/sample) (pCi/sample)
I-232 0.598 5302.50% 1.26E+001 +/- 1.48E+000 1.83E-001 +/- 2.14E-002
U-234 0.992 4761 .50%* 1.00FE+000 +/- 4.08E-001L 2.298-001 +/- 2.68E-002
U-235 0.993 4385 .50% 1.25E-001 +/- 1.62E-001 2.25E-001 +/- 2.64E-002
U-238 1.000 4184 .40% 5.90E-001 +/- 3.07E-001 2.00E-001 +/- 2.34E-002
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™ ~
pex-Alpha N
gample Description: ENGWESAQQ6
Spectrum File: 4 \OR-ALPHAL\Canberra\ApexAlpha\Root\Datal00001279
Batch Identification: 1508105A-UU
Sample Identification: 0%
Sample Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha 056
Chamber Serial Number: 100061248
Detector Serial Number: 5&6
Env. Background: System Bkgd 127763
Reagent Blank: <not performeds
Sample Size: 3.975E-001 +/- 0.0CQE+000 sample
Sample Date/Time: 6/24/2015 5:52:48 AM
Acquisition Date/Time: 9/4/2015 10:34:03 AM
Acquisition Live Time: 170.0 minutes
hoguisition Real Time: 170.0 minutes
Tracer Certificate: Uz23z UU-10A
Tracer Quantity: 0.598 mL

.1856 +/- 0.0108
L1600 +/- 0.0028 on 12/13/2014 2:30:22 PM
L1600 +/- 0.0707

Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

= o O

Peak Match Tolerance: 0.150 MeV

Enerqgy Net Pk Area Ambient Reagent FWHM
Nuclide {(MeV} Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.282 345.98 10.49 1.02 0.00E+000 25.6
U-234 4 .722 36.83 32.38 0.17 Q0.00E+000 6.7
U-235 4,366 3.156 126.67 0.85 0.00E+000 3.0
U-238 4.151 38.98 31.87 1.02 0.00E+0Q0 3.3

Td Energy Activity MDA
Nuclide Conf. {(keV) {pCi/sample) {pCi/sample)
U-232 0.297 5302 .50% 1.26E+001 +/- 1.44E+000 2.27E-001 +/- 2.59E-002
U-234 0.989 4761 .50% 1.33E+000 +/- 4.55E-001 1.50E-001 +/- 1.72E-002
U-235 0.997 4385.50% 1.40E-001 +/- 1.78E-001 2.66E-00L +/- 3.04E-002
U-238 0.992 4184 .40%* 1.40E+000 +/- 4£.73E-001 2.26E-001 +/- 2.58E-002
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_=Apex-Alpha”

Sample Description: ENGWESA0Q7

Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\00001279
Batch Identification: 1508105A-UU

Sample Identification: 10

Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha_ 057

Chamber Serial Number: 01017326A

Detector Serial Number: 57

Env. Background: System Bkgd 127764

Reagent Blank: <not performeds

Sample Size: 3.975E-001 +/- 0.000E+000 sample
Sample Date/Time: 6/23/2015 5:52:48 BM
Acquisgition Date/Time: 9/4/2015% 10:33:43 AM
Acguisition Live Time: 170.0 minutes

Acogquisition Real Time: 170.0 minutes

Tracer Certificate: U232 UU-1CA

Tracer Quantity: 0.598 mL

L1607 +/- 0.0100
L1577 +/- .0028 on 12/13/2014 2:27:38 PM
L0191 +/- 0.0657

Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

| S s R e S
(]

Peak Match Tclerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWIM
Nuclide (MeV) Pk Area Brror % Backgnd Backgnd {keV)
U-232 T 5.280 302.83 11.27 .17 0.00E+000 7.4
U-234 4,743 43,49 29,92 0.51 0.00E+0CO 3.5
U-235 4,383 7.83 70.93 0.17 0.00E+000 3.0
U-238 4,164 29.00 37.02 0.00 0.00E+000 3.0

Id Energy Activity MDA
Nuclide Cont. (keV) (pCi/sample) (pCi/=ample)
U-232 0.997 5302.50%* 1.26E+001 +/- 1.53E+000 1.74E-001 +/~ 2.11E-002
U-234 0.998 4761 .50* 1.81E+000 +/- 5.84E-001 2.18E-001 +/- 2.6%E-002
U-235 1.000 4385 .50%* 4.01E-001 +/- 2.89E-001 2.14E-001 +/- 2.60E-002
U-238 0.597 4184 .40* 1.20F+000 +/- 4.68E-001 2.48E-001 +/- 3.01E-002
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Sample Description: ENGWESAQQE
Spectrum File: \\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00001279
Batch Identification: 1508105A-U0U
Sample Identificaticen: 11
Sample Geometry: Shelf 2
Procedure Degcription: U isc
Detector Name: Alpha 058
Chamber Serial Number: 01017326EB
Detector Serial Number: 58
Env. Background: Sysgtem Bkgd 127765
Reagent Blank: <not performeds
Sample Size: 3.975E-001 +/- 0.00CE+000 sample
Sample Date/Time: 6/23/2015 5:52:48 AM
Acguigition Date/Time: 9/4/2015 10:33:45 AM
Acguisition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.597 nL
Effective Efficiency: 0.1538 +/- 0.0097
Counting Efficiency: 0.1640 +/- 0.0029% on 12/13/2014 2:26:06 PM
Chem. Recovery Factor: 0.9380 +/- 0.0615
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPCRT -———-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Exror % Backgnd Backgnd (kev)
U-232 T 5.272 289.49 11.53 0.51 0.00E+000 23.3
U-234 4.720 34.83 33.31 0.17% 0.00E+0Q0G0 5.0
U-235 4.405 3.00 130.67 0.00 0.00E+000 3.0
U-238 4.142 32.64 35.13 1.36 0.00E+CO0 4.5

T = Tracer Peak used for Effective Rfficiency
————— NUCLIDE ANALYSIS RESULTS -——=--
Id Energy Activity MDA

Nuclide Conf . {(keV) (pCi/sample) (pCi/gsample)
U-232 0.594 5302.50% 1.26E+001 +/- 1.56E+000 2.28E-001 +/- 2.83E-002
U-234 0.588 4761.50%* 1.51E+000 +/- 5.37E-001 1.81E-001 +/- 2.24E-002
U-235 0.997 4385.50* 1.61E-001 +/- 2.11E-001 3.21E-001 +/- 3.98E-002
U-238 0.988 4184 .40%* 1.41E+000 +/- 5.26E-001 2.96E-001 +/- 3.67E-002
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Sample Description: ENGWESAGO9
Spectrum File: \\OR—ALPHAI\Canberra\ApexAlpha\Root\Data\OOO01279
Batch Identification: 1508105A-0U
Sample Tdentification: i2
Sample Geometry: Shelf 2
Procedure Desgcription: U iso
Detector Name: Alpha_059
Chamber Serial Number: 10006125A
Detector Serial Number: 59
Env. Background: System Bkgd 127766
Reagent Blank: <not performed:
Sample Size: 3.975E-001 +/- 0.000E+000 sample
Sample Date/Time: 6/23/2015 5:52:48 BM
Acquisition Date/Time: $/4/2015 10:33:54 AM
Acquisition Live Time: 170.0 minutes
Bequisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.596 mL
Effective Efficiency: 0.1%716 +/- 0.0103
Counting Efficiency: 0.1717 +/- ©.0030 on 12/13/2014 2:24:23 PM
Chem. Recovery Factor: 0.9993 +/- 0.0628
Peak Match Tolerance: 0.150 MeV

————— PEAK AREA REPORT -————

Energy Net Pk Area 2mbient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
U-232 T 5.281 322.493 1¢.92 0.51 0.00E+000 27.1
U-234 4,726 37.98 32.30 1.02 0.00E+000 3.5
U-235 4,384 5.00 96.02 0.00 0.00E+000 3.0
U-238 4.153 27.32 38.04 0.68 0.00E+000 3.0

Id HInergy Activity MDA,
Nuclide Conf. (kev) (pCi/sample) {pCi/sample)
U-232 0.997 5302.50%* 1.26E+001 +/- 1.49E+000 2,0BE-001 +/- 2.42E-002
U-234 0.991 4761 .50%* 1.48E+000 +/- 5.09E-001 2.45E~001 +/- 2.90E-002
U-235 1.000 4385.50%* 2.40E-001 +/- 2.32E-001 2.88E-001 +/- 3.40E-002
U-238 0.992 4184 .40%* 1.06E+000 +/- 4.22E-001 2,19E-001 +/- 2.58E-002

VYA
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_SApex-Alpha’

Sample Description: ENGWESAOQLQ
Spectrum File: YW\ OR-ALPHAl\Canberra\ApexAipha\Root\Data\00001279
Batch Identification: 1508105A-UU
Sample Identification: 13
Sample Geometry: Shelf 2
Procedure Description: U isc
Detector Name: Alpha_ 060
Chamber Serial Number: 10006125B
Detector Serial Number: €0
Env. Background: System Bkgd 127767
Reagent Blank: <not performeds
Sample Size: 3.975E-~001 +/- 0.000E+000 sample
Sample Date/Time: 6/23/2015 5:52:48 RAM
Acgquisition Date/Time: 9/4/2015 10:33:56 AM
Acquisition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: U232z UU-10A
Tracer Quantity: 0.598 mL
Effective Efficiency: 0.1333 +/- 0.0030
Counting Efficiency: 0.1543 +/- 0.0028 on 12/13/2014 2:22:05 PM
Chem. Recovery Factor: 0.8641 +/- 0.0601
Peak Match Tolerance: 0.150 MeV

————— PEAX AREA REPORT -

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
U-232 T 5.27¢ 251.32 12.38 0.68 0.C0E+0GC 20.2
U-234 4,727 28.66 36.86 0.34 0.00E+0Q0 4.5
U-235 4.383 2.00 169.74 0.00 0.00E+000 3.0
U-238 4,163 25.66 38.93 0.34 0.00E+G0O 3.7

T = Tracexr Peak uged for Effective Efficiency

~~~~~ NUCLIDE ANALYSIS RESULTS ————

Id Energy Activity MDA
Nuclide Conf . (keV) (pCi/sample) {(pCi/sample)
U-232 0.995 5302.50%* 1.26B+001 +/- 1.66E+000 2.83E-001 +/- 3.73E-Q02
U-234 0.%92 4761 .50%* 1.44E+000 +/- 5.62E-00L 2.40F~-001 +/~ 3.1l6E-002
U~235 1.000 4385 .60% 1.24E-001 +/- 2.10E-001 3.71E-001 +/- 4.88E-002
U-238 Q.9297 4184 .40%* 1.28E+000 +/- 5.27E-001 2.39E-001 +/- 3.14E-002
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_==Apex-Alpha” V¢

Sample Description: ENGWESAO11

Spectrum File: \\OR—ALPHAl\Canberra\ApexAlpha\Root\Data\0OO01279
Batch Identification: 1508105A-UU

Sample Identification: 14

Sample Geometry: Shelf 2

Procedure Description: U iso

Detector Name: Alpha_ 033

Chamber Serial Number: 040264794

Detector Serial Number: 91132

Env. Background: System Bkgd 127740

Reagent Blank: <not performeds

Sample Size: 3.975E-001 +/- 0.000E+000 sample
Sample Date/Time: 6/23/2015 5:52:48 AM
Acquisition Date/Time: 9/4/2015 11:29:18 AM
Acquisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: U232 UU-10A

Tracer Quantity: 0.595 mL

.1728 +/-  0.0104
.1805 +/- .00322 on 10/25/2014 2:26:39 PM
L9576 +/- 0.0600

Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

OO O
(]

Peak Match Tolerance: 0.150 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.287 324 .32 10.90 0.68 0.00E+000 19.3
U-234 4.753 27 .83 37.29 0.17 0.0CE+000 4.0
U-235 4.366 2.83 120.53 0.17 0.0CE+0Q0 3.0
U-238 4.167 26.49 38.51 0.51 0.00E+000 3.0

Id Energy Activity MDA
Nuclide Conf. (keV) (pCi/sample) {pCi/sample)
U-232 0.998 5302.50% 1.26E+4001L +/- 1.48E+000 2,.18E-001 +/- 2.58E-002
U-234 0.999 4761.50% 1.08E+000 +/- 4.,21E-001 1.61E-001 +/- 1.30E-002
UJ-235 0.%97 4385.50% 1.35E-001 +/- 1.63E-001 1.99E-001 +/- 2.35E-002
U-238 0.998 41.84.40%* 1.02E+000 +/- 4_.11E-001 2.02E-001 +/- 2.38E-002

L
Ui
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_=Apex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Backgrcund:
Reagent Blank:

Sample Size:

Alpha”

ENGWESA012

\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\Q0001279

1508105A-UU
15

Shelf 2

U iso

Alpha_034
040264798
91136

System Bkgd 12
<not performe

2.950E-001 +

Tr4l
d>

/- 0.000E+000 sample

.63E-002
.01E-0C2
.66E-Q02
.13E-002

Sample Date/Time: 6/23/2015 5:52:48 AM
Acquisition Date/Time: 9/4/2015 11:29:20 AM
BAeguisition Live Time: 170.0 minutes
Acqguisition Real Time: 170.0 minutes
Tracer Certificate: U232 _UU-10A
Tracer Quantity: 0.596 mL
Effective Efficiency: 0.1697 +/- 0.0103
Counting Efficiency: 0.1789 +/- 0.0031 on 10/25/2014 2:30:05 FM
Chem. Recovery Factor: 0.9491 +/- 0.0598
Peak Match Tolerance: 0.150 MeV

HHHHH PEAK AREA REPORT =

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
U-232 T 5.281 318.83 10.98 0.17 0.00E+000 28.4
J-234 4.734 44.66 28.46 0.34 0.0CE+00C 5.0
U-235 4.378 9.00 68.87 0.00 0.00E+000 3.0
U-238 4,147 33,81 34 .40 1.19 0.00E+000 3.7

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Enerqgy Activity MDA

Nuclide Conf . {kev} {pCi/sample) (pCi/zample}
U-232 0.997 5302.50%* 1.69E+001 +/- 2.01E+000 2.22E-001 +/- 2
U-234 0.995 4761.50% 2.37E+000 +/- 7.52E-001 2.53E~001L +/- 3
U-235 1.000 4385 .50 5.89E-001 +/- 4.11E-001 3.92E-001 +/- 4
U-238 0.8380 41.84.40%* 1.78E+000 +/- 6.49E-001 3.48E-001 +/- 4
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Sample Description: ENGWESAD13
Spectrum File: YW\OR-ALPHAI\Canberra\ApexAlpha\Root\Data\00001278
Batch Identification: 1508105A-UT
Sample Identification: 16
Saunple Geometry: Shelf 2
Procedure Description: U iso
Detector Name: Alpha_ 035
Chamber Serial Number: 040264774
Detector Serial Number: 58771
Env. Background: System Bkgd 127742
Reagent Blank: <not performed:
Sample Size: 3.975E-001 +/- 0.000E+000 sample
Sample Date/Time: 6/23/2015 5:52:48 AM
Acguisgition Date/Time: $/4/2015  11:29:16 AM
Acquisition Live Time: 17¢.0 minutes
Aoquisition Real Time: 170.0 minutes
Tracer Certificate: U232 UU-10A
Tracer Quantity: 0.595 mL
Effective Efficiency: 0.1643 +/- 0.010C1
Counting Efficiency: 0.1647 +/- 0.0029 on 10/25/2014 2:34:10 PM
Chem. Recovery Factor: 0.9970 +/- 0.0638
Peak Match Tolerance: 0.150 MeV

————— PEAK AREAZA REPORT e

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {(keV)
U-232 T 5.290 308.15 11.18 0.85 0.00E+000 4.8
U-234 4,742 28.00 37.70 0.00 0.00E+000 4.5
U-235 4.404 6.00 86.43 0.00 0.00E+000 3.0
U-238 4.166 38.00 32.21 0.00 0.00E+00C 3.0

T = Tracer Peak used for Effective Efficiency

Id Energy Activity MDA
Nuclide Conf. {keV) (pCi/gample) (pCi/zample)
0 1.26E+001 +/- 1.51E+000 2.44F-001 +/- 2.94E-002
U-234 Q0.997 4761 .50% 1.14E+000 +/- 4.51E-001 2.448-001 +/- 2.94E-002
0 3.01E-001 +/- 2.83E-Q01 3.01E-001 +/- 3.63E-002
0 1.54E+000 +/- 5.29E-001 2.43E-001 +/- 2.93E-002
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_=Apex-Alpha’

QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :9/4/2G15
Time : 5:24:52 AM

9/4/2015 5:24:52 AM

CHAMBER DEVICE PARAMETER FLAG DATE

Alpha 001 211 ALL Not Done

Alpha 002 21f ALL Not Done

Alpha 003 21f ALL Passed 9/4/2015 5:09:06 AM
Alpha 004 21f ALL Passed 9/4/2015 5:09:07 AM
Alpha 005 21f ALL Not Dons

Alpha 606 21f ALL Not Done

Alpha 007 21f ALL Not Done

Alpha 008 21f ALL Not Done

Alpha 009 21f ALL Not Dane

Alpha 010 21f ALL Passed 9/4/2015 5:09:08 AM
Alpha 011 21f ALL Passed 9/4/2015 5:09:09 AM
Alpha 017 21f ALL Pagsed 9/4/2015 5:09:10 AM
Alpha 013 21f ALL Not Done

Alpha 014 21f ALL Passed 9/4/2015 5:09:11 AM
Alpha 015 21 Peak Energy & Action 9/4/2015 5:09:12 AM
Alpha 016 21f ALL o Not Done

Alpha 033 Alpha Analyst100DC ALL ) Passed 5/4/2015 5:09:13 AM
Alpha 034 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:14 AM
Alpha 035 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:16 AM
Alpha 036 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:17 AM
Alpha 037 Alpba Analyst100DC ALL Passed 9/4/2015 5:09:19 AM
Alpha 038 Alpha Analyst|00DC ALL Passed 9/4/2015 5:09:20 AM
Alpha 039 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:22 AM
Alpha 040 Alpha Analyst100DC ALL Passed 9/4/2015 5.09:23 AM
Alpha 041 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:25 AM
Alpha 042 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:26 AM
Alpha 043 Alpha Analyst1 00DC ALL Passed 9/4/2015 5:0928 AM
Alpha 044 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:30 AM
Alpha 045 Alpha Analyst100DC ALL Passed 9/4/2015 5:69:32 AM
Alpha 046 Alpha Analyst100DC ALL Pagsed 9/4/2015 5:09:34 AM
Alpha 047 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:36 AM
Alpha 043 Alpha Analysti00DC ALL Passed 9/4/2015 5:09:38 AM
Alpha 049 Alpha Analyst]00DC ALL Passed 9/4/2015 5:09:40 AM
Alpha 050 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:42 AM
Alpha 051 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:43 AM
Alpha 052 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:45 AM
Alpha 053 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:47 AM
Alpha 054 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:49 AM
Alpha 053 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:51 AM
Alpha 056 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:53 AM
Alpha 057 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:55 AM
Alpha 058 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:57 AM




Page 2 of 2

Review of QA Resuits - Pulser Check

9/4/2015 5:24:52 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 059 Alpha Analyst100DC ALL Passed 9/4/2015 5:09:59 AM
Alpha 060 Alpha Analyst]00DC ALL Passed 9/4/2015 5:10:01 AM

(G

APPROVED BY:

APPROVAL DATE:

7/t
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Fokk &k LIBRARY LISTING REPORT FhEEAK
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Nuclide Library Title: Uranium

Nuclide Library Description: U-232, -234,-235,-238

Nuclide Half-Life Energy Energy Yield Yield

Name (Seconds) (kev ) Uncert. (keV } (%) Uncert. {abs.+-)
U-232 2.174E+009 B302.500% 0.000 99,8000 0.0000
U-234 7.731E+012 4761.500%* 0.000 99.8000 0.0000
U-235 2.221E+016 4385,500% 0.000 80.2000 0.0000
U-238 1.410E+017 4184 .400%* 0.000 10Q.2300 0.0000

* = key line

TOTALS : 4  Nuclides 4 Energy Lines




SECTION IX

ANALYTICAL DATA (ISOTOPIC THORIUM)




Carrier

Carrier Conc (mglm!)

S 15-08105 Prind: siz0ts 512 1
Analysis Sheet THSO
Run 1

Work Order 081( promar . Sampi B oo "ot Aiiguot

Analysis Code ThiSO 01 LCS LCS 08/26/15 00:00 1.0000E+00

R n 02 MBL BLANK 08/26/15 00:00 1.0000E+00

" Date Received | 8[25!2015 03 DUP ENGWESAQ02 50 08/24/15 09:40 1.9880E-01

LabDeadine |  9/15/2015 04 TRG  ENGWESA00T 47 06p4Ns 1215 2950060

 Client | A;xser&Associates, Inc. 05 DO | ENGWESAQ02 50 06/24/1509:40 = 1.9880E-01

Project WESTLAKE I s TRG ENGWESAQ03 40 06/24/15 10:40 3.9750E-01

” Report Lovel 4 07 TRG ENGWESAQ04 55 08/24/15 11:40 3.9750E-01

Activity Units pCl 08 TRG |  ENGWESA0OS | 40 06/23/15 10 30 | 3 9750E-01

| Aliquot Units s 09 TRG ENGWESAOOBIW' - 43 08/24/1513:00  3.9750E-01

Matrix A 10 TRG | ENGWESAQO? 51 06/23/15 09:38 3.9750E-01

Method EML Th-01 Mo:in;d 11 TRG ENGWESAQ08 44 06/23/15 11:25 ' 3.9750E-01

-I_r-1-s_t-ru-n_1ent Type B Alpha Spectroscopy 12 TRG | VEILJE}WESAOOQ 49 06/23/15 13:26 39750E—01

WR%diometrlc Tracer Th-229 13 TRG ENGWESA010 45 0612315 14:10 777?575;5755 01]

Radiometric Sol#  Th-18a 14 TRG . ENGWESAO11 48 06/23/15 08:59 3.9750E-01]

-TracerAct(dpmlg) 2 15 TRG ENGWESA012 50 06/23/15 14:50 295005 01

 Carrier 16 TRG ENGWESA013 41 08/23/151530 | 397505 o1

* SAF1 is used for Gross Alpha and all other radionuclides. SAFZ is used for Gross Beta only.

** Actual mass exceeded the calibration curve range. Resuifs should be qualified as appropriate.

A Indicates estimated SAF value.




Eberline Services 15-08105 Printed: 9/4/2015 5:12 AM
Oak Ridge Laboratory Page 2 of 3
Analysis Sheet ThiSO

Run 1

Internal Sample Tracer Tracer Toial Radiometric | Radiometric | Grav Carrier |  Grav Filfer Grav Filter Grav Fifter Grav Mean SAF SAF
Fraction @ Desc Aliguot (g} ACT (dpm) Tracer (pCi) % Rec Added (ml) Tare (g} Final {g) Net (g) % Rec % Rec 1= 2*

01 LCS 0.4696 10.5 0.00

02 MBL 0.2344 53 . 0.00

03 | DUP | 02335 52 0.00

04 | TRG = 02332 52 0.00

05 DO 0.2332 5.2 - 0.00
e i e N B et R
e oﬁ_s . B o B R A
08 TRG 02327 52 | 0.00 |
e L e N R ey 0
10 TRG | 02326 52| o000
11 TRG 02318 s2. 000
| 12 TRG 0.2321 52 - 0.00 e o

13 TRG = 02320 | 52 000 | i

14  TRG & 02325 52 . 000 | |
15  TRG 02313 | 52 0.0
16 = TRG = 02311 52 o000

|

| |

* SAF1 is used for Gross Alpha and all other radionuclides. SAFZ is used for Gross Beta only.  # Indicates estimated SAF value.
** Actual mass exceeded the calibration curve range. Resulis should be gqualified as appropriate.



Eberline Services Printed: 9/4/2015 5:12 AM
S o
Run 1

internal | Sample Rough Prep Rough Prep Prep Prep Sep t0 | Sep t1
Fraction | Desc Date ! By : Date By Date/Time By
01 | LCs £ 09/02/1509:54 | AGRIGSBY
02 | MBL 09/02/1509:54  AGRIGSBY
03 | DUP _ 08/02/15 08:54 | AGRIGSBY
4 TRG| | 09/02/1509:54 | AGRIGSBY o
s | DO | 09/02/15 09:54 AGRIGSBY
06 | TRG 3”09/02/15 09:54 | AGRIGSBY ]
o7 | TRG ~ 09/02/15 09:54 AGRIGSBY I
08 | TRG ' 09/02/15 09:54 AGRIGSBY
09 | TRG 00/02/15 09:54 | AGRIGSBY
10 TRG '09102/15 09:54 | AGRIGSBY N
11 TRe 09/02/15 09:54 AGRIGSBYV |
12 | TRG 09/02/15 09.5; AGRIGSBY _
13 TRG 09/02/15 09:54 | AGRIGSBY o |
14 TRG 09102/15 09 54 | AGRIGSBY -
15 TRG | | 09/02/15 09:54 54 AGRIGSBY T -
16 * TRG | 09102/15 09 54 AGRIGSBY | N -

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

* Indicates estimated SAF value.

** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 8:10 AM

Dak Ridge Laboratory Work Order: 15-08105-ThiSO-1 Fage T of3

- .
Lab . Sample Client Activity N LCS t.Ccs LCS RPD MDA Blank
Fraction Nuclide Dese Identification Units Results | Error Estimate MDA Known %R Flag Flag Flag Flag
01 TH-228 Lcs LCS pCils 539E+00| 8.58E-01| 1.04E-01| 4.79E+00| 11249 | OK OK
02 TH-228 pMBL BLANK pCils 4.31E-03; 2.79E-02| 7.80E-02 oK OK
g v
03 TH-228 DUP ENGWESAQ02 pCils 2.34E-01] 2.99E-01| 4.46E-01 NA OK
04 TH-228 TRG ENGWESADOD1 pCils 317E-01] 2.67E-01| 2.83E-01 OK
O
o (73} 05 TH-228 DO ENGWESA002 pCils A4.14E-01) 3.8BE-01| 4,55E-01 OK
8]
‘0 L]
5 N 06 TH-228 TRG ENGWESA003 pCils 3.26E-01] 2.38E-01] 2.44E-01 oK
& b
07 TH-228 TRG ENGWESA004 pClis 5.76E-01] 2.88E-01] 2.21E-01 0K
8 08 TH-228 TRG ENGWESAD0S pCils 3.83E-01] 2.74E-01| 2.88E-01 oK
-y
o
§ - 0o TH-228 TRG ENGWESA006 pCils 5.24E-02] 8.92E-02] 1.51E-D1 oK
"0
8 s 10 TH-228 TRG ENGWESAQ07 pCils 7.23E-01) 3.40E-01) 2.29E-01 oK
E L]
o
E 11 TH-228 TRG ENGWESA00S pCils 3.30E-01| 2.39E-011  2.61E-M1 OK
£
§ 12 TH-228 TRG ENGWESA009 pCils 3.15E-01| 2.16E-01] 1.49E-01 (0114
J 13 TH-228 TRG ENGWESA010 pCifs 512E-01, 2.91E-01! 2.67E-01 (8).4
&=
- 14 TH-228 TRG ENGWESAD11 pCils 4.15E-01| 2.82E-01{ 2.29E-01 OK
7]
Q
- 15 TH-228 TRG ENGWESA012 pCils 1.38E+00] 6.25E-01| 3.77E-01 OK
= Q TH-228 TRG ENGWESAQ13 pCifs 2.68E-02| 1.89E-01| 3.99E-01 0K
s C
@ 4] -
%) th
<
of
T
2
>
oo |
<




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 8:10 AM

Oak Ridge Laboratory Work Order: 15-08105-ThiSO-1 Fage 2 of3

Lab . Sample Sample Sample Radiometric Grav Mean Sep 10 Sep t1
Fraction Nuclide Desc Date Aliquot % Rec % Rec % Rec SAF DatefTime Date/Time
01 TH-228 LCS 08/26/15 00:00 1.00E+00 103.36 0.00 0.00
02 TH-228 MBL 08/26/15 00:00 1.00E+00 115.18 0.00 0.00
$ o
03 TH-228 DUP 06/24/15 09:40 1.99E-01 119.19 0.00 0.00
04 TH-228 TRG 06/24/15 12:15 2.95E-01 99.57 0.00 0.00
O
c; 7 05 TH-228 Do 06/24/15 09:40 1.99E-01 120,73 0.00 0.00
'B —
= i o 06 TH-228 TRG 06/24/15 10:40 3.98E-01 103.25 0.00 0.00
| b
07 TH-228 TRG 06/24/15 11:40 3.98E-01 132.36 0.00 0.00
3 08 TH-228 TRG 06/23/15 10:20 3.98E-01 88.71 0.00 0.00
=
Q
§ - 0% TH-228 TRG 06/24/15 13:00 3.98E-01 123.48 0.00 0.00
0
] WA 10 TH-228 TRG 06/23/15 09:38 3.98E-01 117.27 0.00 0.00
e -
@
E 11 TH-228 TRG 06/23/15 11:25 3.98E-01 113.84 0.00 0.00
£
é 12 TH-228 TRG 06/23/15 13:26 3.98E-01 121.91 0.00 0.00
o 13 TH-228 TRG 06/23/15 114:10 3.98E-01 123.24 0.00 0.00
- )
. 14 TH-228 TRG 06/23/15 08:59 3.98E-01 107.56 0.00 0.00
7))
@
= 15 TH-228 TRG 06/23/15 14:50 2.95E-01 113.15 0.00 0.00
kT
w® 0o 16 TH-228 TRG 06/23/15 15:30 3.98E-01 128.24 0.00 0.00
g 7]
g 7]
L
o
Yo
2
Ead
=
<L




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 8:10 AM

©ak Ridge Laboratory Work Order: 15-08105-ThiSO-1 Page 3 of 3

Lab . Sample Counting Halflife . Count . Bko
Fraction Nuclide Desc Datel/Time {days) Detext Carrier Time Counts CPM Eff
01 TH-228 LCS 09/04/15 11:29 A_Spec |Alpha_036 1702.79 E+02  |1.00 E-02 18.1
02 TH-228 MBL. 09/04/15 11:29 A_Spec |Alpha_037 170(3.20 E-01  |4.00 E-03 17.1
g v
03 TH-228 bup 09/04/15 11:29 A_Spec |Alpha_038 170|3.15 E+00  |5.00 E-03 16.2
04 TH-228 TRG 08/04/M5 14:29 A_Spec  |Alpha_039 170|6.32 E+00  {4.00 E-03 19.3
2 O
G 73 05 TH-228 Do 09/04/15 11:29 A_Spec |Alpha_040 170|6.47 E+00  {9.00 E-03 18.6
K]
[,3 —
= L= 06 TH-228 TRG 0%/04/15 11:29 A_Spec |Alpha_041 170(8.81 E+00  |7.00 E-03 18.7
| b=
07 TH-228 TRG 09/04/15 11:29 A_Spec  |Alpha_p42 170|1.85 E+01  |9.00 E-03 17.4
§ 08 TH-228 TRG 09/04/15 11:29 A_Spec |Alpha_043 170(9.47 E+00  [9.00 E-03 20
]
E - 09 TH-228 TRG 09/04/15 11:29 A_Spec |Alpha_044 170(|1.66 E+00 |2.00 E-03 18.4
“
b ——— 10 TH-228 TRG 08/04/15 11:29 A_Spec |Alpha_045 170(2.08 E+01  |7.00 E-03 17.8
E -
D
g 11 TH-228 TRG 09/04/15 11:29 A_Spec |Alpha_ 046 170(9.30 E+00  [1.00 E-02 17.8
£
[}
8 12 TH-228 TRG 09/04/15 11:29 A_Spec  |Alpha_047 170|8.83 E+00  {1.00 E-03 16.5
1) 13 TH-228 TRG 09/04/15 11:30 A_Spec |Alpha_048 170{1.50 E+01  [1.20 E-02 17
=
- 414 TH-228 TRG DS/04/15 13:28 A_Spec |Alpha_049 170|9.49 E+00 |3.00 E-03 15.2
]
o]
= 15 TH-228 TRG 09/04/15 13:28 A_Spec {Alpha_050 170{2.30 E+01  |6.00 B-03 14.3
= 8 16 TH-228 TRG 09/04/15 13:28 A_Spec |Alpha_051 170{7.30 E-01  |3.10 E-02 15.2
g 0 |
[ 0
<
of
Tum
. 2
I
A7 >
= =
Hnrsj' <




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 8:10 AM

Oak Ridge Laboratory Work Order: 15-08105-ThiSO-1 Page 1 of3

Lab . Sample Client Activity N LCS LCS LCS RFD MDA Biank
Fraction Nuclicte Desc Identification Units Results | &or Estimate MDA Known %R Flag Flag Flag Flag
01 TH-220 LCS LCs pCils 6.17E+00| 9.57E-01] 6.80E-02] 5.34E+00| 115.51 DK OK
‘ 02 TH-230 MBL BLANK pCifs 9.41E-02| 7.71E-02| 8.50E-02 OK OK
g v
03 TH-230 DUP ENGWESA002 pCils 3.23E-01| 3.10E-01| 3.32E-01 NA oK
04 TH-230 TRG ENGWESADD1 pCiis 7.86E-01| 3.99E-01] 1.95E-01 OK
s O
Q e 05 TH-230 DO ENGWESAD02 pCils 3.47E-01| 2.92E-(| 2.49E-04 OK
s
s e X
= < 06 TH-230 TRG ENGWESAD03 pCils 8.16E-01] 3.65E-01| 2.37E-01 OK
A o
07 TH-230 TRG ENGWESA004 pCifs 1.71E+00! 6.07TE-01| 1.21E-01 OK
3 08 TH-230 TRG ENGWESADDS pCils 1.44E+00| 5.22E-01) 2.13E-01 OK
o
Q
§ — 0o TH-230 TRG ENGWESAD06 pCils 4.61E-01| 2.42E.01| 1.41E-01 OK
0
3 —— 10 TH-230 TRG ENGWESAQ07 pCiis 1.20E+00| 4.35E-01| 2.04E-01 OK
E -
LTl
‘é’ 11 TH-230 TRG ENGWESAD0S pCils 8.03E-01; 3.49E-01| 1.86E-01 OK
£
ﬁ 12 TH-230 TRG ENGWESA0D09 pCiis 9.73E-01| 3.89E-01]| 1.87E-01 oK
) 13 TH-230 TRG ENGWESAD10 pCils 1.08E+00| 4.13E-01F 2.55E-01 OK
c
. 14 TH-230 TRG ENGWESA0M pCils 9.49E-01, 4.25E-01| 2.30E-01 OK
0 .

i [

’ s 15 TH-230 TRG ENGWESAD12 pCils 2.14E+00! 7.79E-01| 2.92E-01 OK
= 8 16 TH-230 TRG ENGWESA013 pGirs 7.8BE-01| 3.60E-01] 2.66E-D1 OK
2 w
S ]

<
o8
B
2
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 8:10 AM

Oak Ridge Laboratory Work Order: 15-08105-ThiSO-1 Fage 2 of 3

Lai . Sampie Sample Sampie Radiemetric Grav Mean Sep t0 Sep t1
Fracticn Nuclide Desc Date Aliquot % Rec % Rec % Rec SAF Date/Time Date(Time
01 TH-230 Lcs 08/26/15 00:00 1.00E+00 103.36 0.00 0.00
. 02 TH-230 MBL 08/26/15 00:00 1.00E+00 115.18 0.00 0.00
g2 ¥
03 TH-230 pup 06/24{15 09:40 1.99E-01 119.19 0.00 0.00
04 TH-230 TRG 06/24/15 12:15 2.96E-01 99.57 .00 0.00] .
t QO
S 73 05 TH-230 DO 06/24/15 09:40 1.99E-01 120.73 0.00 0.00
v
3 £ 06 TH-230 TRG 06/24/15 10:40 3.98E-01 103.25 0.00 0.00
£ b -
07 TH-230 TRG 06/24115 11:40 3.98E-01 132.36 0.00 0.00
g 08 TH-230 TRG 06/23/15 10:30 3.98E-01 88.71 0.00 0.00
=
o]
§ - 09 TH-230 TRG 06/24/15 13:00 3.98E-01 123.48 0.00 0.00
_3 i 10 TH-230 TRG 06/23/15 09:38 3.98E-01 117.27 0.00 0.00(:
a L__J
4
E 11 TH-230 TRG 06/23/15 11:28 3.98E-01 113.84 0.00 0.00
£
§ 12 TH-230 TRG 06/23/15 13:26 3.98E-01 121.91 0.00 0.00
o 13 TH-230 TRG 06/23/15 14:10 3.98E-01 123.24 0.00 0.00
=
- 14 TH-230 TRG 06/23/15 08:59 3.98E-01 107.56 0.00 0.00
)
% 15 TH-230 TRG 06/23/15 14:50 2.95E-01 113.15 ‘ 0.00 0.00
'Q
® bl 16 TH-230 TRG 06/23/15 15:30 3.98E-01 128.24 0.00 0.00
8 0
G 0
<
o
e
Q2
»
<




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 8:1¢ AM

Oak Ridge Laboratory Work Order: 15-08105-ThISO-1 Page 3of3

Lab . Sample Counting Halflife . Count Bkg
Fraction Nuclide Desc Date/Time {days} Detect Garrier Time Counts CPM Eff
01 TH-230 LCS 09/04/15 11:29 A_Spec |Alpha_038 170|4.34 E+02 {2.00 E-03 18.1
- 02 TH-230 MBL 09/04/15 11:29 A_Spec |Alpha_037 170{6.98 E+00 16.00 E-03 171
g| ©
03 TH-230 DUP 09/04/15 11:29 A_Spec |Alpha_038 170{4.66 E+00  |2.00 E-03 16.2
04 TH-230 TRG 09/04/15 11:29 A_Spec |Alpha_038 170|1.68 E+01  |1.00 E-03 19.3
g O
8 TH-230 DO 00/04/15 11:29 A_Spec |Alpha_D40 170(5.83 E+00  {1.00 E-03 18.6
)
2
m |
2 i can 06 TH-230 TRG 09/04/15 11:29 A_Spec |Alpha_041 170|2.36 E+01  |8.00 E-03 18.7
2| b=
07 TH-230 TRG 09/04/15 11:29 A_Spec |Alpha_042 170}5.88 E+01 |1.00 E-03 17.4
g 08 TH-230 TRG 09/04/15 11:29 : A_Spec |Alpha_043 170({3.83 E+01  |4.00 E-03 20
.
)
§ - 09 TH-230 TRG 09/04/15 11:29 A_Spec |Alpha_044 170|1.57 E+01  |2.00 E-03 18.4
W
8 s 10 TH-230 TRG 09/04/15 11:2¢ A_Spec |{Alpha_045 170(3.70 E+01  |6.00 E-03 17.6
E -
L]
‘;; 11 TH-230 TRG 09/04/16 11:29 A_Spec |Alpha_D46 170|2.43 E+01  }4.00 E-03 17.8
£
()
& TH-230 TRG 09/04/15 11:29 A_Spec |Alpha_047 1702.93 E+01  [4.00 E-03 16.5
]
P 13 TH-230 TRG 09/04/15 11:30 A_Spec |Alpha_p4B 170/3.38 E+01  |1.30 E-02 17
C —
- 14 TH-230 TRG 09/04/15 13:28 A_Spec |Alpha_049]  170|2.23 E+01  |4.00 E-03 15.3
0
Q
= 15 TH-230 TRG 09/04/15 13:28 - A_Spec |Alpha_050 170|3.85 E+01 |3.00 E-03 14.3
® 8 16 TH-230 TRG 08/04/15 13:28 A_Spec |Alpha_051 170|230 E+01  {1.20 E-02 15.2
8 &
G 0
<
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 8:10 AM

Oak Ridge Laboratory Work Order: 15-08105-ThISO-1 Page 1 or

Lab N Sample Client Activity - LCS LCg LCS RPD MDA Blank
Eraction Nuclide Desc Identification Units Results |Error Estimate) MDA Known %R Flag Flag Flag Flag
01 TH-232 Lcs Lcs pCils 5.37E+00) 8.55E-01| B.51E-02] 4.79E+00{ 112,02 | OK OK
. 02 TH-232 MBL BLANK pCils 1.32E-02{ 3.90E-02] B.48E-02 oK OK
3 g
[+
03 TH-232 Dup ENGWESA002 pCils 1.84E-01] 2.39E-01] 3.31E-01 NA oK
04 TH-232 TRG ENGWESAQ01 pCils 3.19E-01| 2.48E-01| 1.95E-01 oK
g O
o ) 05 TH-232 Do ENGWESA002 pClis 2.92E-02| 1.22E-01| 3.12E-01 OK
8
I —
2 i 06 TH-232 TRG ENGWESA003 pCils 1.01E-01| 1.73E-01| 3.08E-01 OK
i
07 TH-232 TRG ENGWESAD04 pCils 7.44E-01| 3.11E-01| 1.38E-01 OK
3 08 TH-232 TRG ENGWESA00S pCiis 4.51E-01| 2.78E-01| 2.37E-01 OK
[
(&)
§ - 0% TH-232 TRG ENGWESAD08 pCils 2.55E-01| 1.78E-01| 1.41E-01 OK
1]
8 e 10 TH-232 TRG ENGWESAQGT pCils 4,40E-01| 2.66E-01| 2.B5E-01 OK
E -
L1
‘é‘ 11 TH-232 TRG ENGWESAD08 pCils 1.80E-01| 1.90E-01| 2.77E-01 OK
£
é 12 TH-232 TRG ENGWESAD09 pCils 2.21E-01| 1.76E-01| 1.58E-01/" OK
1 13 TH-232 TRG ENGWESA010 pCiis 3.01E-01| 2.14E-01]| 2.26E-04 OK
=
. 14 TH-232 TRG ENGWESA011 pCils 2.64E-01| 247E-01| 2.13E-01 OK
s ...
QG
E 15 TH-232 TRG ENGWESA012 pCifs 917E-M| 4.78E-01| 2.92E-01 OK
® 8 18 TH-232 TRG ENGWESACQ13 pCils 1.42E-01| 1.53E-01| 2.04E-01 0K
] 7
fut 7]
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od
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 8:10 AM

OaicRidge Laboratory Work Order: 15-08105-ThiSO-1 Fage 2 of3

Lab . Sample Sample Sample Radicmetric Grav Mean Sep t0 Sep 1
Fraction Nuclide Desc Date Aliquot % Rec % Rec % Rec SAF Date/Time DatefTime
01 TH-232 LCS 08/26/15 00:00 1.006E+00 103.36 0.00 0.00
02 TH-232 MBL 08/26/15 00:00 1.00E+00 115,18 0.00 0.00
g v
03 TH-232 DUP 06/24/15 09:40 1.99E-01 119.1% 0.00 0.00
04 TH-232 TRG 06/24/15 12:15 2.95E-01 99.57 0.00 0.00
i O
G 75 05 TH-232 Do 06724115 09:40 1.99E-01 120.73 0.00 0.00
o
% EnS—
= i o 06 TH-232 TRG 06/24/15 10:40 3.98E-01 103.25 0.00 0.00
| b= ‘
07 TH-232 TRG 06/24/15 11:40 3.98E-01 132.36 0.00 0.00
8 08 TH-232 TRG 06/23/15 10:30 3.98E-01 88.71 0.00 0.00
B
&)
E - 0o TH-232 TRG 06/24/15 13:00 3.98E-01 123.48 0.00 0.00
=
3 il 10 TH-232 TRG D6/23/15 09:38 3.98E-01 117.27 0.00 0.00
E -
{
E 11 TH-232 TRG 08/23/15 11:25 3.98E-01 113.84 0.00 0.00
£
é 12 TH-232 TRG 06/23/15 13:26 3.98E-01 121.91 0.00 0.00
i o 13 TH-232 TRG 06/23/15 14:10 3.98E-01 123.24 0.00 0.00
g ¥
. 14 TH-232 TRG 06/23/15 0B:59 3.9BE-01 107.56 0.00 0.00
BH
D
";E 15 TH-232 TRG 06/23/15 14:50 2.95E-01 113.15 0.00 0.00
® 8 16 TH-232 TRG 06/23/15 15:30 3.98E-01 128.24 0.00 0.00
2 7] &
G )
<
o
o
o
>
o
<L




Eberline Services Preliminary Data Report & Analytical Calculations _ Printed: 9/8/2015 8:10 AM

Oak Ridge Laboratory Work Order: 15-08105-ThISO-1 Fage 3 of 3

Lab . Sample Counting Halflife . Count Bkg
Fraction Nuclide Dasc DateTime {days} Detect Carrler Time Counts CPM Eft
01 TH-232 LCS 09/04/15 11:29 A_Spec |Alpha_036 170|3.78 E+02  |0.00 E+00 18.1
02 TH-232 MBL 08/04/15 11:29 A_Spec |Alpha_037 170]9.80 E-01  |6.00 E-03 17.1
g v
03 TH-232 DUP 09/04/15 11:29 A_Spec |Alpha_038 170(2.66 E+00 |2.00 E-03 16.2
{
04 TH-232 TRG 09/04/15 11:29 A_Spec  |Alpha_039 170|6.83 E+00  {1.00 E-03 19.3
AN e
S N 05 TH-232 DO 09/04/15 11:29 A_Spec |Alpha_049 170|4.90 E-01  [3.00 E-03 18.6
o Worwwwny
"
= - TH-232 TRG 09/04/15 11:28 A_Spec |Alpha_041 170/2.94 E+00 (1.80 E-02 18.7
o
| b=
07 TH-232 TRG 09/04/16 11:29 A_Spec |Aipha_042 170|2.57 E+01  |2.00 E-03 17.4
3 TH-232 TRG 09/04/15 11:29 A_Spec |Alpha_043 170|1.20 E+01  |6.00 E-03 20
e
Q
E - 09 TH-232 TRG 09/04115 11:29 A_Spec |Alpha_v044 170|8.66 E+00 |2.00 E-03 18.4
= .
8 el 10 TH-232 TRG 08/04/15 11:29 A_Spec |Alpha 045 170]1.36 E+01 [1.40 E-02 17.6
E -l
o
g 11 TH-232 TRG 09/04/15 11:29 A_Spec |Alpha_D4é 170{5.45 E+00 [1.50 E-D2 17.8
£
§ 12 TH-232 TRG 09/04/15 11:29 A_Spec |Alpha_047 170{6.66 E+00 |2.00 E-03 16.5
o 13 TH-232 TRG 09/04/15 11:30 A_Spec |Alpha_048 170{9.47 E+00  |9.00 E-03 17
: - —
- 14 TH-232 TRG 09/04/15 13:28 A_Spec |Alpha_049 170/6.49 E+00  |3.00 E-03 15.3
7))
1))
45 15 TH-232 TRG 09/04/15 13:28 A_Spec |Alpha_050 170|1.865 E+01  |3.00 E-03 14.3
- 8 16 TH-232 TRG 09/04/15 13:28 A_Spec  |Alpha_051 176(4.15 E+00  |5.00 E-03 15.2
g 0
O )
< ]
o
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Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 8:10 AM

sk Ridge Laboratory Work Order: 15-08105-ThISO-1 Page T of3

[rir Lak . Sample Client Activity . LCS LCs LCS RPC MDA Btank
)__[;@ Fraction Auclide Desc jdentification Units Results  |Emor Estimatel MDA Known %R Flag Flag Flag Flag
gg,
- 02 TH-227 MaL BLANK pCils 3.67E-02| 4.77E-02| 6.60E-02 OK OK
g
03 TH-227 DUP ENGWESAD02 pCifs 3.21E-01| 3.20E-01, 3.75E-01 NA oK
04 TH-227 TRG ENGWESAQ01 pCils “2.45E-02] 9.84E-02| 2.53E-01 CK
s QO
O N 05 TH-227 Do ENGWESAD02 pCils 2,76E-01| 2.75E-01| 3.22E-01 oK
'g .+ " -
= o 086 TH-227 TRG ENGWESA003 pCils 3.49E-02| 1.03E-01] 2.24E-01 oK
3| b
07 TH-227 TRG ENGWESA004 pCils 7.45E-02] 1.04E-01| 1.57E-01 OK
§ 08 TH-227 TRG ENGWESADOS pCils 213E-01 T1.91E-01| 2.04E-M1 OK
L,
o
';;5 = c9 TH-227 TRG ENGWESAU06 pCils 1.861E-01| 1.49E-01| A1.71E-01 OK
w
H s 10 TH-227 TRG ENGWESA007 pCils 2.04E-01| 1.91E-01] 2.52E-01 CK
E -
1]
‘é’ 11 TH-227 TRG ENGWESA008 nCils 1.58E-01i 1.88E-01] 2.33E-01 0K
£
ﬁ 12 TH-227 TRG ENGWESAQ09 pCils 9.68E-02| 1.18E-01| 1.43E-1 OK
o i3 TH-227 TRG ENGWESAQ10 pCiis 1.58E-01| 1.62E-01| 2.16E-01 OK
o
- 14 TH-227 TRG ENGWESADT1 pCils 6.96E-02| 1.19E-01] 2.01E-01 OK
Ly
% 15 TH-227 TRG ENGWESA012 pCils 8.61E-03] 1.20E-01) 3.44E-01 oK
e 8 16 TH-227 TRG ENGWESAG13 pCils -1.44E-01| 9.28E-02| 3.48E-01 oK
£ 7]
] N
<L
o
|
2
5
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Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 9/8/2015 8:10 AM

Client

Auxier & Associates, Inc.

Oak Ridge Laboratory Page 2 of 3
Work Order: 15-08105-ThiSO-1 9
Lab Sample Sample Sample Radiometric Grav Mean Sep t0 Sep t1
Fraction Nuglide Desc Date Aliquot % Rec % Rec % Rec BAF DatefTime Date/Time
02 TH-227 MBL 08/26/15 00:00 1.00E+00 115.18 0.00 0.00
g
03 TH-227 pup 06/24/15 09:40 1.99E-01 119.19 0.00 0.00
04 TH-227 TRG 06/24/15 12:15 2.95E-01 99.57 0.00 0.00
t O
O 7 05 TH-227 (570 06/24/15 09:40 1.99E-01 120.73 0.00 0.00
T - 06 TH-227 TRG 06/24/15 10:40 3.98E-01 103.25 0.00 0.00
| b
07 TH-227 TRG 06/24/15 11:40 3.98E-01 132.36 0.00 0.00
g 08 TH-227 TRG 06/23/15 10:30 3.98E-01 88.71 0.00 0.00
o
5]
E - 0% TH-227 TRG 06/24/15 13:00 3.9BE-01 123.48 0.00 0.08
n
8 Wi 10 TH-227 TRG 06/23/15 09:38 3.98E-01 117.27 0.00 0.00
2
Q@
‘g 11 TH-227 TRG 06/23/15 11:25 3.98E-01 113.84 0.00 0.00
£ .
®
8 12 TH-227 TRG D6/2315 13:26 3.98E-01 121.91 0.00 0.00
13 TH-227 TRG 06/23/15 14:10 3.98E-01 123.24 0.00 0.00
14 TH-227 TRG 06/23/15 0B:59 3.98E-01 107.56 0.00 0.00
15 TH-227 TRG 06/23/15 14:50 2.95E-01 113.15 0.00 0.00
16 TH-227 TRG 06/23/15 15:30 3.98E-01 128.24 0.00 0.00




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 9/8/2015 8:10 AM

Oak Ridge Laboratory Work Order: 15-08105-ThISO-1 Page 3of3

Lab . Sample Counting Halflife . Count Bkg
Fraction Nuclide Desc Cate/Time {days) Detect Carrier Time Counts CPM Ert
- 02 TH-227 MBL 09/04/15 11:29 A_Spec |Alpha_037 170(2.66 E+00  {2.00 E-03 17.1
g v .
| 03 TH-227 Dup 09/04/15 11:29 A_Spec |Alpha_038 170{4.49 E+00  |3.00 E-03 16.2
04 TH-227 TRG 09/04/15 11:29 ' A_Spec  |Alpha_039 170|-5.10 E-01 |3.00 E-03 19.3
@
s O
Q 73 05 |. TH-227 Do 09/04/15 11:29 A_Spec | Alpha_040 170(4.49 E+00  {3.00 E-03 18.6
0
‘E‘ [
5 e 06 TH-227 TRG 09/04/15 11:29 A_Spec |Alpha_041 170/9.80 E-01  |6.00 E-03 18.7
| b=
07 TH-227 TRG 09/04/15 11:29 A_Spec |Alpha_042 170}2.49 E+00 (3.00 E-03 17.4
g 08 TH-227 TRG 09/04/15 11:29 A_Spec |Alpha_043 170|5.49 E+00  (3.00 E-03 20
.
=}
E - 09 TH-227 TRG 09/04/15 11:29 A_Spec |Alpha_o0a4 170|5.32 E+00  |4.00 E-03 18.4
th
8 i 10 TH-227 TRG 09/04/15 11:29 A_Spec |Alpha 045 170(6.13 E+00  |1.10 E-02 17.6
E -
|5}
E 11 TH-227 TRG 09/04/15 11:29 A_Spec |Alpha_048 170|4.64 E+00  |8.00 E-03 17.8
£
é 12 TH-227 TRG 09/04/15 11:29 A_Spec |Alpha_047 170{2.83 E+00  [1.00 E-03 16.5
o 13 TH-227 TRG 09/04/15 11:30 A_Spec |Alpha_048 170{4.81 E+00 :7.00 E-03 17
o
. 14 TH-227 TRG 09/04/15 13:28 A_Spec |Alpha_049 170!1.66 E+00 [2.00 E-03 15.3
7]
o)
e 15 TH-227 TRG 09/04/15 13:28 A_Spec |Alpha_050 170|1.50 E-01  |5.00 E-03 14.3
i
¥ 8 16 TH-227 TRG 09/04/15 13:28 . A_Spec |Alpha_051 176|-4.08 E+00 |2.40 E-02 15.2
8 0
) 7]
<
o
|
2
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Count Room Report

15-08105-ThISO-1 (pCils) in AF

Printed: 9/4/2015 5:12 AM

Client: Auxier Associates, Inc. Tracer ID: Th-18a Page Tort
G
‘ J\‘ Inten::al Sample Client Sample Safmpie ‘_rracer Tracer Radiometrif: Radiometric SAF SAF
; q&@ Fraction Desc D | Date Aliquot Aliquot (o) ACT (dpm) Tracer (pCi) % Rec 1 2
v 01 LCS LCS 08/26/15 00:00 1.0000 0.4696 1 0.5472 0.00
02 | MBL BLANK  08/26/1500:00 | 1.0000 02344 52646 0.00
03 DuUp ENGWESAOOZV 06/24/15 09:40 0.1988 0.2335 ‘ 5. 2444. ” 0.00
04 H TIR.G ” . ENGWESADO1 06/24/15 12:15 0.2950 0.2332 5.2377“" 0.00
R 65 | D-O. B -ENGWESAOO2 06/24/15 09:40 0.1988 7 0.2332 52377 O..OCI} ‘ ]
“ 06 TRG ENGWESAQQ3 ) 06/24/15 10:40 0.3975”““” - 02331 o “5 2354 0.00
V o7 TRG ENGWES;\VOO4 | | 06/2;;';5_?’-1 40__ 63975 o 02323 . 5.2175 O 00
08 ‘ TRG ENGWESAQ0S - 06/23!15 10.30 : 07.73975 0.2327 5.2264 - O OO ]
09 TRG - ENGWESAODG 06/24/15 13:00 G. 3975 : 0.2319 7 5. 2085 S 0 00 I
“ ’E_O _ TR_G I ENéﬂééAOO? 06/23)’2?657387 G 3975 ' | .”O 2326 ; 7 5 2242 ' 0.00 .
11 . TRG : -".ENGWESADOS - 06/231"15 11:25 (.3975 70 2318 V 52062 - 0.co
i H TIiG éNi(gVi\fEiSAiE)OQ o 06/23/15 13:26 i 0.3975 0.2321 52130 7 | 6.00
13 o TRG -__EIG_WESAO1O V 06/23/‘15 1747‘67, G 3975 B 0. 2320 ‘ 5.216? S 000
B | 14 TRG E _EI-\-I_GWESAO‘I‘] 061'23/'15"7{7}78;75797 7{} 3975 .”0 2325 5 2220 - 0.60 .
/{f.)\ __‘;5 TRG ENGWES;\_Q??. 06/23/‘]5 14 50 : O 2950 ) 02313 | _ 5 ‘1950"-“-- 0.0 : -
R 16  TRG ENGWESA013 06/23/15 15 30 o 3975 02311 | 5,105 0. oo
S - S s : |
N ] N , ‘_
! ; 1
| e ] I




2 -

gﬁrlg?degie::::;tory Splke and Tracer Worksheet Printed: 9!212022%9:5140;;1
Internal Work Order Run Analysis Code Date Technician Technician Initials Witness Injtials
15-08105 1 ThISO 9/2/2015 9:54 AGRIGSBY m A
wECS:iS Matrix Spikes '] MS 1SL : LCS. i B e el oo | D s MSD
Isotope ‘ Sof # Activity Solution App-rf)x Volume Volume Volume K.nov!m EI:J'OI’ Add’?d Efror Knou.m EJ"rur Add?d' E{ror
i dpmv/y Date Addition Used (g) Used (g} Used (g) pCi Estimate pCi Estimate pCi Estimate pCi Estimate
Th-228 Th-8b 103.560:  9/2/2015 0.100|. : R 479 0.172 0.00 £.000 0.00 0.000 .00 0.00C
Th-230 Th-1b 23620] 91212015 0.500( 534 0.144 0.00 0.000 0.00 0.000| 0.00 0.00C
Th-232 Th-8b 103.560|  9/2/2015 0.1004: 4.79 pa72 0.00 0.000 0.00 0.000 0.00 0.000
ic-9% N I'c-Za Z721045.bab (19204 0.1
i Tac L , S Balance Printei
fraction Isotope Soi # ﬁ::’;y Stg::?n i J: ;‘;T;) E :ji:; ’; Tracer . LCS
01 Th-229 Th-18a 22.460| 9/2/2015 0.2200
02 Th-229 Th-18a 22.460| 9/2/2015 0.2200
03 Th-229 Th-18a 22,460 9/2/2015] 0.2200 _
04 Th-229 Th-18a 22.460| 9/2/2015 0.22-60_
05 Th-229 | Thtsa 22450 9212015 0.2200
08 Th-229 = Thisa 22460 9/2/2015 0.2200
07 Th-229 Th-18a 20480 9722015 0.2200
08 Th-228 | Tni8a 22460 91212015 0.2327 0.2200
09 Th-229 Th-18a 22,460 91212015 0.2319" 0.2206”
10 Th-229 | Th-18a 22460, 9212015 0.2200 Matrix Spike
11 Th-229 Th-18a | 22.460| /22015 0.2200
12 Th-229 Th-18a 22480 9/212015 0.2200
B 13 Th-229 Th-18a ' 22460 ' 9/2/2015 0.2;560_
Y Th-229 Th-18a | 22.460) 97202015 07 0.2326 0.2200
15 Th-229 | Th1sa 22460 212015/ 02313 |  0.2200
16 | Th-229 | Th-18a 22460| o22015| 02311 02200

iy

Bl

%

&=

b4

Sl

Version 2.0 08/%9




=
S
i %
[
e
2l

.

£l

Eberline Analytical
Oak Ridge Laboratory

Aliquot Worksheet

Printed: 9/3/2015 8,10 AM
Page 1 0f 1

Work Order Analysts Code ot Units Lah Deadiine Techniclan
15-08105 ThiSO s 9/15/2015 JWOLFE
Lap |Auxier & Associates, Inc.| sample Muffle Data ~ Dilution Data _Aliguot Data MS Aliquot Data H-3 Solids Only
Fraction ConiRatio e -] o : e . Water Added H3 Dist
Client ID Type CPostiPre -] NoofDilg | - DBilFactor 1w Ratio Aliquot : Aliquot Net Equiv- {ml} Alig

1 LCS £CS i T 11, 00E+00 | 1.0000E+00] . T

0z BLANK MBL S U00E+00 ] 1.0000E+00] A

03 _ENGWESAp02 DUP | oo e S A00EX00 ] 1.9880E-01] -1.9880E-01

04  ENGWESANM TRG ' {00E+00]  2.9500E-01| " 2.9500E:01 i

05 | ... ENGWESAQ0Z Do .1.9880E-01] © 1.9880E-01 ]
06 ENGWESA003 TRG |- 3.9750E-01| -~ 3.9750E-01

07 ENGWESA004 _TRG ~ 3.9750E-01| - 3.9750E-01 ]
08 ENGWESAQ005 TRG 3.9750E-01] % “3:9750E-01

09 _ENGWESAD06 TRG 3.9750E-01] 7 3.9750E-01 |
1o ENGWESAOL7 | TRG | 3.9750E-01] . 3,9750E-01 .

11 ENGWESAQ0S TRG 3.9750F-01| 3,9750E-01

1z  ENGWESA008 TRG ; 3.9750E-01| . -3.9750E:01

13 ENGWESA010 TRG 17 1:00E+00  3.9750E-01|: i3:9750E-01]

14 ENGWESA011 | TRG i “1.00E£00;]  3.9750E-01). -3.9750E-01

15 ENGWESA012 TRG - 1,00E+007]  2.9500E-01  2.0500E-G1] :

16 ENGWESAD13 TRG OE+00.|  3.9750E-01| = 3.9750E-01 )

|
Comments
Technician: AN iR Date: 7 (3w </——"




_=Apex-Alpha”

Sample Degcription: SPIKE

Spectrum File: \\OR-ALPHAL\Canberra\ApexAlpha\Root\Data\ 00001280

Batch Tdentification: 1508105A-TH

Sample Identification: 01

Sample Geometry: Shelf 2

Procedure Degcription: Th iso

Detector Name: Alpha_ 036

Chamber Serial Number: 04026477B

Detector Serial Number: 84167

Env. Background: System Bkgd 127743 :
Reagent Blank: <not performeds i
Sample Size: 1.000E+000 +/~ 0.000E+000 sample }
Sample Date/Time: 9/4/2015 6:05:04 AM ‘:
Acquisition Date/Time: 9/4/2015  11:29:38 AM
Acgquigition Live Time: 170.0 minutes }
Acquisition Real Time: 170.0 minutes

Tracer Certificate: Th229 S TH-18A

Tracer Quantity: 0.470 wmkL

Effective Efficiency: 0.1866 +/- 0.011%

Counting Efficiency: 0.1806 +/- 0.0032 on 10/25/2014 2:38:17 PM

Chem. Recovery Factor: 1.0336 +/- 0.0675

Control Certificate Name: NatTh_Th-8
Chem. Recov. of Control: TH-232 1.120169 +/- 0.097043
Peak Match Tolerance; 0.175 MeV

Energy Net Pk Area Ambilent Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {(keV)
TH-227 5.835 9.98 65.65 1.02 0.00E+000 3.0
TH-228 5.357 379.30 10.023 1.70 0,00E+0CQ 23.0
TH-229 T 4.866 334.66 10.72 0.34 0.00E+000 5.6 £
TH-230 4.626 433,66 9.42 0.34 0.00E+000 14.9 f
TH~232 3.845 378.00 10.09 0.00 0.00E+000 20.9 {
T = Tracer Peak usgsed for Effective Efficiency :
————— NUCLIDE ANALYSIS RESULTS e
Id Energy Activity MDA
Nuclide Conf. (kev) {pCi/sample) {pCi/gample)
TH-227 ¢.29% 5850.00% 1.458-001 +/- 9.71E-002 9,17E-002 +/- 1.13E-002
TH~228 0.990 5400.00% 5.3%F+000 +/- 8.58E-001 1.04E-001 +/- 1.29E-002
TH-229 1.000 4872.00* ° 4.77E+000 +/- 5.88E-001 6.82E-002 +/- B.40E-003
TH-230 0.98% 4672.00%* &.17E+000 +/- 9.57E-001 §.80E-002 +/- 8.38E-003
TH-232 0.986 3997.00%* 5.37E+000 +/- 8.55E-001 8.51E-002 +/- 1.05E-002
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_—=Apex-Alpha”

Sample Description: BLANK

Spectrum File: \\OR-ALPHALl\Canberra\ApexAlpha\Root\Data\00001279
Batch Identification: 1508105A-TH

Sample Identification: 02

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha 037

Chamber Serial Number: 040264784

Detector Serial Number: 91133

Env. Background: System Bkgd 127744

Reagent Blank: <not performeds

Sample Size: 1,000E+000 +/- 0.000E+000 sanmple
Sample Date/Time: 9/4/201% 6€:05:04 AM
Acquisition Date/Time: 9/4/2015 11:29:40 AM
Acguisition Live Time: 170.0 minutes

Acguisition Real Time: 170.0 minutes

Tracer Certificate: Th22% S _TH-18A

Tracer Quantity: 0.234 mL

Effective Efficiency: 0.1968 +/- 0.0161

Counting Efficiency: 0.1709 +/- 0.0030 on 10/25/2014 2:46:09 PM
Chem. Recovery Factor: 1.1518 +/- 0.0962

Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area  Ambient Reagent FWHM
Nuclide {MeV) Fk Area Error % Backgnd Backgnd (keV)
TH-227 5.838 2.66 128.85 0.34 0.C0E+000 3.0
TH-228 5.362 0.32 646 .93 0.68 0.00E+000 3.0
TH-229 T 4.861 176.15 14.81 0.85 0.00E+000 5.1
TH-230 4 .585 6.98 80.28 1.62 0.00E+000 3.0
TH-232 3.941 0.98 294.85 1.02 0.C00E+000 3.0
T = Tracer Peak used for Effective Efficiency
~~~~~ NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA
Nuclide Conf . {keV) (pCi/sample) {pCi/sample)
TH-227 0.999 5850.00%* 3.67E-002 +/~ 4,77E-002 6.60E-002 +/- 1.06E-002
TH-228 0.993 5400.00%* 4.31E-003 +/- 2.79E-002 7.60E-002 +/- 1.22E-002
TH-229 0.999 4872 .00% 2.38E+000 +/- 3.81E-001 8.10E-002 +/- 1.30E-002
TH-230 0.97¢0C 4672 .00% 9.41E-002 +/- 7.71E-Q02 8.50E-002 +/- 1.36E-002
TH-232 0.984 3897.00%* 1.32E-002 +/- 3.90E-002 8.,48E-002 +/- 1.36E-002

A
9 s
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s Apex-Alph

Sample Descripticn: ENGWESAQ002-DUP
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001279
Batch Identification: 1508105A-TH
Sample Identification: 03
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 038
Chamber Serial Number: 04026478B
Detector Serial Number: 91134
Env. Background: System Bkgd 127745
Reagent Blank: <not performed:
Sample Size: 1.988E-001 +/- 0.000E+000 sample
Sample Date/Time: 6§/24/2015 6:05:04 AM
Acquisition Date/Time: 9/4/2015 11:29:42 AM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Th229 S TH-1B8A
Tracer Quantity: 0.234 mL
Effective Efficiency: 0.1925 +/- 0.0159
Counting Efficiency: 0.1615 +/- 0.0029% on 10/25/2014 2:50:18 PM
Chem. Recovery Factor: 1.1919 +/- 0.1005
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT --—--

Energy Net Pk Areca Ambient Reagent TWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.867 4.49 98.45 0.51 0.00E+000 3.0
TH-228 5,288 3.15 126.67 0.85 0.00E+000 3.0
TH-229 T 4.894 171.66 14,98 0.34 0.00E+000 4.1
TH-230 4.659 4.66 94 .59 0.34 0.00E+000 3.0
TH-232 4.008 2.66 128.85 0.34 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -----
Id Energy Activity MDA

Nuclide Conf. (kev) {(pCi/sample} (pCi/sample)
TH-227 0.998 5850.00%* 3.21E-001 +/- 3.20E-001 3.75E-001 +/- 6.06E-002
TH-228 0.936 5400.00% 2.34F-001 +/- 2.99E-001 4 _.46E-001 +/- 7.20E-002
TH-229 0.997 4872.00%* 1.18E+001 +/- 1.93E+000 3.33E-001 +/- 5.38E-002
TiH-230 0.999% 4672 .00% 3.23E-001 +/- 3.10E-001 3.32F-001 +/- B.36E-002
TH-232 1.000 3997.00% 1.84E-001 +/- 2.39E-001 3.31E-001 +/- 5.35E-002

Wl
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_Enpex-Alpha”

ENGWESAQOL
\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00001279
1508105A-TH

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acguisition Date/Time:
Acquisition Live Time:
Acguisition Real Time:

Tracer Certificate:

04

Shelf 2
Th iso

Alpha 033
06027336A
83109
System Bkgd 127746
<not performeds

2.950E-001 +/- O0.000E+000 sample
§/24/2015 6:05:04 AM
9/4/2015 11.:29:44 AM

170.0 minutes
170.0 minutes

Th229 S TH-18A

PG
2)3|1s

.09E-002
LBETE~002

98E-002

.15E-002
.15E-G02

Tracer Quantity: 0.233 mkL
Bffective Efficiency: 0.1926 +/- 0.0159
Counting Efficiency: 0.1934 +/- 0.0034 on 10/25/2014 2:53:34 PM
Chem. Recovery Factor: 0.9957 +/- 0.0840
Peak Match Tolerance: 0.175% MeV

————— PEAK AREA REPORT e

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd {keV)
TH-227 5.873 -0.51 400.63 0.51 0.00E+000 0.0
TH-228 5.291 6.32 82.73 0.&8 0.00E+0Q0C 4.5
TH-229 T 4.883 171,49 14 .99 0.51 0.00E+000 4.2
TH-230 4.620 16.83 48 .06 0.17 0.00E+000 3.0
TH-232 3.978 6.83 76.08 0.17 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -—----
Id Energy Activity MDA

Nuclide Conf. (keV) {pCi/=anmple) (pCi/sample)
TH~-227 0.%937 5850.00% -2.45E-002 +/- 9.84E-002 2.53E-001 +/- 4
TH-228 0.939 5400.00% 3,17E-001 +/- 2.67E-001 2.83E-001 +/- 4
TH-229 0.599 4872.00* 8.04E+000 +/- 1.30E+000 2.46E-001 +/- 3.
TH-230 0.%86 4672.00%* 7.86E-001 +/- 3.99E-001 1.98E-001 +/- 3
TH-232 0.%98 3997.00%* 3.19E-001 +/- 2.48E-001 1.95E-001 +/- 3
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= Apex-Alphe

Sample Description: ENGWESAQO02
Spectrum File: \\CR-ALPHAL\Canberra\ApexAlpha\Root\Data\00001279
Batch Identification: 1508105A-TH
Sample Identification: 05
Sample Geometry: Shelf 2
Procedure Description: Th isc
Detector Name: Alpha 040
Chamber Serial Number: 060273968
Detector Serial Number: 91135
Env. Background: System Bkgd 127747
Reagent Blank: <not performeds
Sample Size: 1.988E-001 +/- ©0.000E+000 sample
Sample Date/Time: 6/24/2015 6:05:04 AM
Acquigition Date/Time: 9/4/2015 11:29:46 AM
Acquisition Live Time: 170.0 minutes
Acguisition Real Time: 170.0 minutes
Tracer Certificate: Th229_S_TH-18A
Tracey Quantity: 0.233 mL
Effective Efficiency: 0.2240 +/- 0.0173
Counting Efficiency: 0.1856 +/- 0.0032 on 10/25/2014 2:57:14 PM
Chem. Recovery Factor: 1.2073 +/- 0.0958
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT -

Energy Net Pk Area Ambient Reagent TWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd {(keV)
TH-227 5.827 4.49 98 .45 0.51 0.00E+000 3.0
TH-228 5.338 &.47 87.07 1.53 0.00E+000 3.6
TH-229 T 4.870 159.4%9 13.90 0.51 0.00E+000 22.0
TH-230 4.660 5.83 82.55 0.17 0.00E+000 3.0
TH-232 3.885 0.49 416 .98 0.51 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -----
Id Energy Activity MDA

Nuclide Conf. (keV) (pCi/sample) {(pCi/sample)
TH-227 0.987 5850.00% 2.76E-001 +/- 2,75E-00C1 3.22E-001 +/- 4.89E-002
TH-228 0.3980 5400.00% 4.,14E-001 +/- 3.66E-001 4.55E-001 +/- 6.89E-002
TH-229 1.000 4872 .00% 1.19E+001 +/- 1.B8lE+000 3.14E-001 +/- 4.76E-002
TH-230 0.9589 4672 .00%* 3.47E-001 +/- 2.92E-001 2.49E-001 +/- 3.77E-002
TH-232 1.000 3997.00% 2.92E-002 +/- L.22E-001 3.12E-001 +/- 4.74E-002
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= Apex-Alpha
Sample Description: ENGWESAO03
Spectrum File: \\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00001280
Batch Identification: 1508105A-TH
Sample Identification: 06
Sample Geometry: Shelf 2
rrocedure Descripticn: Th iso
Detector Name: Alpha 041
Chamber Serial Number: 05026930A
Detector Serial Number: 91087
Env. Background: System Bkgd 127748
Reagent Blank: <not performeds
Sample Size: 3.975E-001 +/- 0.000E+000 sample
Sample Date/Time: 6/24/2015 6:05:04 AM
Acquisiticn Date/Time: 9/4/2015  11:29:47 AM
Acquisgition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Th229 S TH-18A
Tracer Quantity: 0.233 nmL
Effective Efficiency: 0.1934 +/- 0.0160
Counting RBfficiency: 0.1873 +/- 0.0033 on 10/25/2014 3:00:28 PM
Chem. Recovery Factor: 1.0325 +/- 0.0870
Peak Match Tolerance: 0.175 MeV
————— PERAK AREA REPORT e
Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.699 0.98 294 .85 1.02 0.00E+000 c.0
TH-228 5.3C0 8.81 71.06 1.18 0.00E+000 3.0
TH-229 T 4,871 172,15 14.98 0.85 0.00E+000 10.5
TH-230 4 .626 23 .64 41.65 1.36 0.00E+000 4.5
TH-232 3.990 2.94 170.23 3.06 0.00E+000 3.0
T = Tracer Peak uged for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS e
Id Energy Activity MDA
Nuclide Conf . (keV) {pCi/sample) {(pCi/sample)
TH-227 888 5850.00%* L49E-002 +/- 1.03E-001 L24E-001 +/- .62E-002

a 3 2 3

0 3.26E-001 +/- 2.38E-001 2.44E-001 +/- 3.95E-002
TH-229 1.000 4872.00% 5.86E4+000 +/- 9.64E-001 2.07E-001 +/- 3.35E-002

0 8.16E-001 +/- 3.65E-001 2.37E-001 +/- 3.83E-002

1 1.01E-001 +/- 1.73E-001 3.08E-0C1 +/- 4.98E-002
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Sample Description: ENGWESA0O4
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00001279
Batch Identification: 1508105A-TH
Sample Identification: 07
Sample Geometry: Shelf 2
Procedure Degcription: Th i=zo0
Detector Name: Alpha 042
Chamber Serial Number: 05026930B
Detector Serial Number: 84185
Env. Background: System Bkgd 127749
Reagent Blank: <not performeds
Sample Size: 3.975E-001 +/- 0.000E+000 sample
Sample Date/Time: 6/24/2015 6:05:04 AM
Acguigition Date/Time: $/4/2015 11:29:49 AM
Acquigition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Th229 & TH-18A
Tracer Quantity: 0.232 nmL
Effective Efficiency: 0.2300 +/- 0.0177
Counting Efficiency: 0.1737 +/- 0.0030 on 10/25/2014 3:04:21 PM
Chem. Recovery Factor: 1.3236 +/- 0.1042
Peak Match Tclerance: 0.175 MeV

————— PEAK AREA REPORT -——-—--

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV} Pk Area Error % Backgnd Backgnd {keV)
TH-227 5.809 2,49 138.29 0.51 0.Q00E+0QQC 3.C
TH-228 5.310 18.47 47,77 1.53 0.00E+0Q00C 3.0
TH-229 T 4.867 203.98 13.76 1.02 0.00E+000C 10.7
TH-230 4.6332 58.83 25.60 0.17 0.C00E+0Q00 3.0
TH-232 3.940 25.66 38.99 0.34 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA

Nuclide Conf . (keV} (pCi/=ample) {pCi/gample)
TH-227 0.%91 5850.00% 7.45E-002 +/- 1.04E-001 1.57E-001 +/- 2.36E-002
TH-228 0.858 5400.00%* 5,76E-001 +/- 2.88E-001 2.21E-001 +/- 3.33E-002
TH~229 1.0600 4872.00%* 5.94E+000 +/- 8.94E-001 1.84E-001 +/- 2.76E-002
TH-230 0.992 4672.00% 1.71E+000 +/- 5.07E-001 1.21E-001 +/- 1.82E-002
TH-232 0.983 3897.00%* 7.44E-001 +/- 3.11E-001 1.39E-001 +/- 2.09E-002
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